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HEN the political spell-binder appeals 
to the horny-handed son of toil 
for his support in the near-by elec- 

tion, he prates earnestly of the dignity of 
labor. But nobody thinks of the engineer, 
for no comprehension of the importance of 
his work in modern industry has entered the 
public mind. 


By many he is regarded as a necessary, 
unavoidable evil in greasy overalls, and by 
others as a man with a “soft” job, whose 
hardest work is to turn on the steam or watch 
the wheels turn around. 


In the great majority of cases the engi- 
neer’s work is solitary, and the problems that 
come to him under sidewalks, in close, hot, 
illy ventilated basements and in all isolated 
plants have to be solved alone, and often 
without a moment’s hesitation. 


Steam engineering is not an exact science 
that’ can be taught from textbooks, but in 
every plant, from the little water-tank pump- 
ing station with its single boiler to the great 
central plant with tiers of boilers and engines 
developing thousands of horsepower, different 
conditions obtain. 


Fuel and feed water, steam pressure and 
character of the service required, electric 
light, perhaps for a few hours, or it may be 
power for the entire year without a stop of 
one second; these and a thousand other 


torms of engineers’ service are his to give,’ 


and, when it is realized that he meets every 
question in the operation of his plant alone, 
some idea may be had of what an all-round 
man a real engineer must be, and of his 


more than ordinary gifts in mechanical ability 
and fertility in resource. 


His importance is evidenced by the pages 
of mechanical and technical publications 
loaded with advertisements of instruments 
and appliances that he alone uses. 


More books and papers are published for 
him than for the man of any other trade 
or profession, and his organizations outnum- 
ber those of any other vocation. 


With the commercial introduction of the 
electric light and the transmission of power 
by electricity, the high-speed elevator and 
the increase in steam pressures, came also 
an increase in the responsibility resting on 
the engineer, and in no calling has this 
increase been so rapid or so adequately met. 


The Centennial standard for a_ boiler 
horsepower typifies the conditions. Thirty 
pounds of water per hour into steam at 
seventy pounds pressure was the average 
engine consumption and average pressure 
for that time. 


Engines and steam pressures of then are 
the exception now, and the big plant with 
its big engine of that day is among the small 
ones. The man has grown too, and many 
a one may be found who used to run a little 
slide-valve engine and do his own firing, 
but now manages a great plant and draws 
a congressman ’s salary. 


He earns it. 


The public neither knows nor appreciates 
these things, but the engineer can start a 
little thought in the right direction by looking 
the part he plays in modern industrial pro- 
duction. 
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POWER 


October 17, 1911 


Power Plant Curtis Publishing Co. 


The Curtis Publishing Company, pub- 
lisher of the Saturday Evening Post, 
the Ladies Home Journal and other well 
known periodicals, has about compieted 
its new 10-story building, facing Inde- 
pendence square at Sixth and Sainson 
streets, Philadelphia. 

Although still receiving some of the 
finishing touches, the building has been 
occupied for several months with the 
presses running night and day. To fur- 
nish power for these and for lighting 
the building a very complete plant has 
been installed. 

To afford sufficient space at the street 
level for the shipping department and 
for a courtyard at the rear of the build- 
ing, the double-deck type of power plant 
was adopted with the boilers situated 
over the engines. As a_ precaution 
against the engine vibrations being trans- 
mitted to the building, the engines are 
carried on a concrete slab which is en- 
tirely independent of the steelwork of 
the building. This slab is carried on I- 


beams which rest on concrete piers placed 
between the footings of the building col- 
umns, 


MAIN UNITS AND BOILERS 


The total present capacity of the plant 
is 2250 kilowatts, furnished by seven units 
of various sizes, thus permitting such 
combinations as will handle the load most 
economically. These units all run at 150 
revolutions per minute and consist of 
Rice & Sargent noncondensing engines 


By A. D. Blake 


2250-kilowatt plant 
using exhaust steam for 
heating. Remote control is 
employed for the electrical 
apparatus, and meters are 


installed on all service lines, 
feed-water lines and circuits 
to all departments ; thus per- 
mitting accurate operating 
records to be kept. 


direct connected to Westinghouse direct- 
current generators. Their sizes are as 
follows: one 18x30x32-inch cross-com- 
pound engine driving a 500-kilowatt gen- 
erator; three 16x26x32-inch cross-com- 
pound engines each driving a 400-kilo- 
watt generator; two 12x20x30-inch cross- 
compound engines driving 200-kilowatt 


Fic. 1. GENERAL ViEW OF ENGINE Room 


generators, and one 14x24-inch simple 
engine driving a 150-kilowatt generator. 
The engine room is designed to permit 
the future installation of an additional 
1200 kilowatts capacity. 

Steam is furnished at 180 pounds and 
125 degrees superheat by four 350-horse- 
power, and one 297-horsepower Stirliag 
boilers. These are arranged as shown in 
Figs. 2 and 3 and space is provided for a 
duplicate set of boilers along the other 
side of the boiler room. Notable among 


the features of the boiler room is its 
good ventilation, abundance of light and 
ample space around all piping and boil- 
ers. 

Coal is delivered from wagons to a 
conveyer which elevates and distributes 
it to a 1200-ton reinforced-concrete bin 
located above the boilers. This has a 
hopper in front of each boiler, which 
empties into one of two traveling chutes; 
these are designed to weigh and hold 
1000 pounds of coal each, and discharge 
onto the floor in front of the boilers. 
Hand firing is employed and the ashes are 
discharged into hand cars through hoppers 
located under the grates. These empty 
into a large ash hopper extending out 
into the courtyard and the ashes are 
carted away by wagons. 

The gases from the boilers are carried 
away by a 150-foot steel stack lined with 
firebrick and carried on special steel sup- 
ports. The natural draft is supplemented 
by forced balanced draft which is fur- 
nished by a Sirocco blower delivering 


air under the grates. A second source 
of mechanical draft which may be used 
instead of the blower, if desired, is 
McClave steam blowers, fitted to each 
ashpit. 

Feed water is handled by a Worthing- 
ton outside-packed steam pump and by a 
motor-driven Deane pump. Ordinarily 
only one of these is used, but when the 
load increases to the point that one pump 
cannot maintain the water in the boil- 
ers at a certain level, the other pump is 
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automatically thrown into service. In- 
jectors are also provided to supplement 
the feed pumps. 


POWER 


the other. The flues are arranged so that 
the gases may be bypassed around these 
economizers and discharged direct to the 


Fic. 2. ViEw OF BOILER Room 


The pumps take the feed water from a 
Cochrane heater and deliver to two 
Sturtevant economizers, there being three 
boilers on one economizer and two on 


stack. A venturi meter with an auto- 
matic recorder is placed in the feed- 
water line. 

All high-pressure steam piping is of 
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steel with welded flanges, and is of such 
sizes as to employ high steam velocities. 
The general arrangement of piping lead- 
ing to the engines is shown in Figs. 3 and 
4. With the exception of one 8-inch and 
one 6-inch main from the boilers, all 
the piping and receivers to the engines 
are under the engine-room floor. 


HEATING SYSTEM 


With a volumetric content of 10,000,000 
cubic feet and the building exposed on 
three sides, the problem of heating be- 
comes an important factor. Both an in- 
direct and a direct system of heating are 
employed, the former calculated to take 
care of ordinary conditions and the latter 
to supplement this in extremely cold 
weather. 

The exhaust from the engines passes 
to a 36-inch exhaust main which leads 
to the roof. Here it discharges into 
a series of heating stacks over which 
washed air is drawn by electrically op- 
erated Sirocco fans and delivered through 
a system of ducts to the various rooms. 

For the direct heating the Paul -vac- 
uum system is used. This also takes 
steam from the exhaust main and is a 
one-pipe system with the air valves on 
the radiators attached to a vacuum pump, 
the condensation returning in the ordinary 
manner. A Johnston thermostatic control 
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automatically puts the radiators in service 
if the room temperature falls below a 
certain predetermined point. 

_For heating the building when the en- 
gines are not in service, or when the 
load is not heavy enough to furnish 
sufficient exhaust steam, a live-steam con- 
nection with a reducing valve is provided. 

The returns from the heating system 
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protection. A large storage tank on the 
roof is provided for this purpose in ad- 
dition to a steam-driven fire pump cap- 
able of delivering 750 gallons of water 
per minute. These are connected with 
sprinklers on every floor and fire nozzles 
on the roof. There is also an outside 
sprinkler system which can place a cur- 
tain of water between the building and 
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are furnished by two York refrigerating 
machines, each consisting of an 8x12- 
inch horizontal Corliss engine connected 
to two 9x12-inch vertical single-acting 
compressors. The brine is circulated by 
two triplex motor-driven pumps. The 
cooling water for the ammonia condenser 
is handled by a deep-well pump which 
draws its supply from an artesian well 
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Fic. 4. LAyouT OF MAIN STEAM PIPING = 
drain into a hot-water tank in the base- any exterior fire. Fire-engine connections driven under the building. An auto- 


ment and from here pass to the feed- 
water heater. Two hot-water tanks are 
also provided for service supply. 


FirE PROTECTION 


Although the building is of fireproof 
construction throughout, considerable in- 
flammable material, such as paper, ben- 
zine, oil, etc., is handled within it; hence 
every precaution has been taken for fire 


are also provided outside the building. 


SERVICES 


Service water throughout the building 
is supplied by two motor-driven triplex 
pumps each capable of delivering 300 
gallons of water per minute against a 
head of 198 feet. 

Ice for the kitchen service and brine 
circulation for cooling the drinking water 


matically operated valve throws city 
water into the line should the deep well 
fail. 

The drinking water, which is taken 
from the city mains, is first passed 
through a Forbes sterilizer having a capa- 
city of 150 gallons per hour; it is then 
pumped up to a glass storage tank on 
the roof and from here flows by gravity 
to the coolers. 
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A very complete vacuum-cleaning sys- 
tem is installed throughout the entire 
building. This is handled by two rotary 
vacuum pumps of the Platt-Rotrex type, 


POWER 


the storage tank. Two systems of dis- 
tribution for cylinder oil are provided, 
one for use with high-pressure super- 
heated steam and the other for the low- 


Fic. 5. REFRIGERATING MACHINES AND SERVICE PUMPS 


each capable of discharging 256 cubic feet 
of air per minute when maintaining a 10- 
inch vacuum on the system. 

650-gallon  oil-storage tank is 
situated on the boiler-room floor just 
back of the boilers. From this the oil 
flows by gravity to the engines, thence to 


a settling tank and filters located in the 
basement, at which point there is addi- 
tional storage for 750 gallons of filtered 
oil. From here it is pumped back to 


pressure engine cylinders. 
ELECTRICAL EQUIPMENT 


The lighting is at 110 volts and the 
power for running the presses, pump 
motors, elevators, etc., is at 220 volts. To 
provide the 110-volt current the usual 
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each machine are mounted on an in- 
dividual panel located close to the ma- 
chine. These are all handled through 
remote control from a central bench- 
board, shown in Fig. 6. The main 
switchboard is divided into two groups 
of panels, those on the right for power 
circuits and those on the left for lighting 
circuits; the three central panels are de- 
voted to the balancer sets and instru- 
ments. 

Each machine is supplied with a watt- 
meter and there is a similar instrument 
on both the positive and negative bus- 
bars with an additional instrument to 
show the unbalanced load. Also, the cir- 
cuits leading to each department are 
metered, thus permitting each department 
to be charged with its proportionate cost 
for power and light. An ammeter switch 
will throw the instrument on either the 
positive or negative side and thus indi- 
cate any ground, should one occur. 

An auxiliary switchboard, fed from 
the city service, is connected with 
emergency lighting circuits in the boiler 
room, engine room and stairways. This 
is automatically thrown into service by a 
no-load release switch should anything 
happen to the plant so as to put the 
electrical equipment out of service. 

In addition to the installation of meters 
on all circuits and the venturi meter on 
the feed-water line, both indicating and 
recording gages are placed on all water 
lines, steam lines, etc. Many of these 
are located upon the wall of the chief 
engineer’s office, which overlooks both 
the engine room and the pump room. 


Fic. 6. MAIN SWITCHBOARD AND BENCHBOARD 


three-wire system is employed with bal- 
ancer sets, the current being generated 
at 220 volts. 

The circuit-breakers and rheostats for 


The plant was designed by and con- 
structed under the supervision of Frank 
C. Roberts & Co., consulting engineers, 
of Philadelphia. 
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In order to transmit power from one 
pulley to another there must be a differ- 
ence in the tensions on the tight and 
slack sides of the belt. This difference 
depends upon the nature of the two sur- 
faces, the measure of their friction and 
the arc of contact. The latter, however, 
is generally fixed by conditions in the 
particular installation, such as diameters 
of pulleys, distance between centers, etc. 

The tests were all made with a single- 
ply oak-tanned leather belt, 5 inches wide 
by 0.224 inch thick, 1.12 square inches 
in cross-section and 33 feet long. The 
pulleys were all nominally 24 inches in 
diameter by 8-inch face. A _ constant 
belt speed of 2200 feet per minute or 
348 revolutions per minute of the driving 
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By Prof. W. M. Sawdon 


The variation of the co- 
efficient of friction with ship 
jor various kinds of pulleys ; 
the influence of cork 
serts; and the relative trans- 
mitting capacities of the dif- 
ferent pulleys. 


*Excerpt from paper delivered at the semi- 
annual meeting of the National Association of 


Cotton Manufacturers at Manchester, Vt., 
September 27-30, 1911. The tests were con- 
ducted by the author in the laboratories of 
Sibley College, Cornell University. 


TABLE I 


HORSEPOWER CAPACITIES PER 


Comparative 
Inco BELT 


Transmit- 
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Transmitting Capacities of Pulleys’ 


mates average practice more nearly than 
does any of the single tensions. 

These curves show that for slips of 
from 1 to 2 per cent. as commonly used 
in practice, the plain cast-iron pulley 
has the lowest coefficient of friction and 
the plain paper pulley the highest. The 
values of the plain woud pulley lie be- 
tween these limits. An interesting fea- 
ture of the curve of the wood pulleys 
lies in the fact that up to one-half of 1 
per cent. slip it follows very closely that 
of the paper pulleys, after which the slip 
increases rapidly and at 1 per cent. the 
coefficient of friction is only approxi- 
mately a mean between those of the 
cast-iron and the paper pulleys. As the 
slip further increases, the curve be- 
comes even flatter and beyond 3 per cent. 
the coefficient of friction is less than that 
for cast iron. This condition explains 
in part a commonly accepted objection 
to the use of wooden pulleys; that is, 


The cork area 


For the longer 


ting 
Capacity at a decidedly small capacity for carrying 
1 per per cent.}/2 per cent.| 2 per cent. 
No. Kind of Pulley lip Slip Slip Slip an overload. 
irom 1.48 1.66 2.16 100.0 introduction of cork inserts into 
2 |Cast iron with corks projecting 0.04 inch... . 2.32 f 
3 {Cast iron with corks Projecting 0.015 inch. . 2.50 2.72 2.89 133.8 the wohaes of the pulleys resulted in each 
4 2.29 3.3 3.47 114.3 case in a general change in the char- 
ooden with corks projecting 0.075 inch... 2. 
8 Wooden 2.25 2.43 2 53 lis acter of their coefficient of friction. The 
8 |Paper with corks projecting 0.0087 inch!.<] 2185 3.26 3.57 165.3 wooden and cast-iron pulleys tested with 
9 |Paper with corks projecting (about) 0.015 . eed atl hex the cork inserts were the same as used 
was from 37 to 39 per cent. of the total 
TABLE 2 pulley face and two complete sets of 
tests were made, one for a 32-inch pro- 
HORSEPOWER CAPACITIES PER’ |Comparativ: jecti 
Trensmit. jection of the corks and the other for a 
; ting #z-inch projection. 
1 per cent. 14 Der cent.j2 per cent. 2 per cent. In the case of the cast-iron pulleys, 
No. 3 Kind of Pulley Slip cup — Slip each of the cork-insert curves shows a 
1.72 2.03 2.33 100 jal i 
2 |Gast iron corks projecting 0.04 inch 2.31 2°43 2°49 107.0 material increase in the values of the 
3 Gast iron with corks projecting 0.015 inch...| 2.41 2.52 2.61 112.1 coefficient of friction at lower slips and 
per with corks projecti inch..... ion between an . sli 
9 |Paper with corks projecting (about) 0.015 l fe _— slip are 
2.60 2.95 3.10 133.2 close to those of the plain wood pul- 
: leys. Below 1 per cent. slip the wooden 
pulley was maintained throughout. Ob- 7 
servations were made on belt slips for a 
series of different initial tensions, each 6 
covering brake loads from a minimum 
of 20 pounds to the maximum that the - 
belt would carry or that could be safely . 
put on the driving motor. In each set Xs 
of tests six different initial belt tensions 4 4 
were used, as follows: 37.5, 75, 112.5, t 
150, 187.5 and 225 pounds per square 3 3 
inch of cross-section. is 
The accompanying curves show the 3 
results of the tests with reference to rela- 2 
tive values of the coefficient of friction 
and belt slip for all the pulleys tested. 1 
These curves were plotted by taking 
values corresponding to initial belt ten- | Power 
sions of 150 and 175.5 pounds per square 0 2 6 7 8 


inch and averaging them. This range of 
tensions was chosen because it approxi- 


3 4 
Per Cent. Slip 


VARIATION OF COEFFICIENT OF FRICTION WITH SLIP 
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pulleys have the higher values. With 
the shorter corks, considerable advantage 
is shown over plain cast-iron pulleys as 
well as plain wooden pulleys up to about 
4 per cent. slip, after which the coeffi- 
cients are but little higher than for the 
plain cast-iron pulleys. Either of the 
cork-insert cast-iron pulleys, however, 
shows a large overload capacity at high 
slips. 

In the wooden pulleys the cork inserts 
slightly’ increase the transmitting capa- 
city for very low slips and up to about 
one-half of 1 per cent. Between % and 
134 per cent. slip, the plain wooden pul- 
leys have the higher values, while be- 
yond 2% per cent. the cork inserts again 
show an advantage. 


With the paper pulleys, however, the 
cork inserts proved detrimental to the 
transmitting capacity for practically the 
entire range of slip, this being more 
marked in the longer cork projections. 


A simple method of comparison is that 
afforded by Table 1, which shows the 
relative transmitting capacity of different 
pulleys at various practical slips. 

These values hold for a belt speed of 
2200 feet per minute and an initial ten- 
sion of approximately 170 pounds per 
square inch of belt cross-section. The 
transmitting capacity of the cast-iron pul- 
ley was taken as representing 100 per 
cent. 


While these values represent exactly 
the power transmitted by the different 
pulleys in the tests, a comparison on this 
basis is not fair in that it does not take 
into consideration the variations in the 
arc of contact of the belt on the different 
pulleys, nor the greater stress occasioned 
in the tight side of the belt by the pul- 
leys carrying the higher loads. One of 
the observations of the tests was that 
with increasing loads, the arc of contact 
on the pulleys also increased. For some 
pulleys this was more marked than for 
others. Furthermore, it is an accepted 
fact that the higher the working stress 
in the belt, the shorter is its life. A fair 
comparison then should be based on both 
these factors remaining constant. This 
is a difficult comparison to make directly 
from the tests. It can, however, be made 
with a large degree of fairness by using 
one of the formulas commonly used for 
belt drives. Table 2 was therefore pre- 
pared giving relative transmitting capa- 
cities of the various pulleys at different 
slips, when based on constant arcs of 
contact and constant belt tensions. 


These values do not represent actual 
observations from the tests but were cal- 
culated by means of Nagle’s formula, 
using an are of contact of 180 degrees 
and a maximum belt tension of 250 
Pounds per square inch of cross-section 
and the values of the coefficient of fric- 
on from the results of the tests as given 

‘he set of curves. 
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Recent Explosions in England 


Among the recent British Board of 
Trade reports on explosions are the fol- 
lowing: 

CAST-IRON BLOWOFF PIPE 


At the Londonderry collieries, New Sea- 
ham, a cast-iron elbow piece fitted in 
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Fic. 1. ELBow PiEge IN BLOWOFF FAILS 


the blowoff pipe failed. The pipe was 22 
inches long horizontally and 934 inches 
vertically, with a rib 1 inch thick and 2 
inches deep extending from the upper 
flange to within 6 inches of the smaller 
flange. As will be seen in Fig. 1, the 
fracture of the elbow pipe occurred be- 
tween the bottom of the boiler and the 
blowoff valve. 

As the waste pipe immediately beneath 
the boiler was unsupported for a length 
of 23 feet, there was considerable bend- 
ing moment upon the elbow when the 
blowoff valve was opened; therefore the 
pipe was so weakened that it could not 
withstand the strain. 

On the day of the explosion the fire- 
man of the boiler, noticing that the 
water level was above the top of the gage 
glass, went below to blow off. When he 


wes 
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Fic. 2. FAILURE OF STOP VALVE 


opened the valve the explosion occurred 
and he was severely scalded. 

The boiler was emptied in about 15 
minutes and on examination it was found 
that the pipe had been carried away. 
Steel pipes will replace the cast-iron el- 
bows and the waste pipe has been more 
securely blocked. 


STEAM STOP-VALVE CHEST 


The explosion of a steam stop-valve 
chest, which occurred in the works of 
Richardson, Westgarth & Co., Middles- 
borough, was due to the inefficiency of the 
valve chest and to the condition of the 
cast iron caused by the difference in 
temperature above and below the valve, 
the chest being of such unequal thickness 
that it fractured when the valve was 
opened. 

The chest (see Fig. 2) was fitted with 
a brass spindle, a 4-inch valve, and the 
inlet and outlet branches on the chest 
were of 4-inch bore. To the flanges, 9 
inches in diameter and 1 inch thick, the 
steam pipes were secured by eight 34- 
inch bolts; the cover was secured by the 
same number of 34-inch bolts; the chest 
was 8% inches internal diameter and 
varied from 7 to * inch in thickness. 
The valve was occasionally reground, but 
no other repairs had been required. 

A hydraulic test of 250 pounds per 
square inch was given the valve chest 
before it was delivered by the makers; 
they did not appear to know that it was 


Fic. 3. WATER HAMMER CAUSED THIS 
RUPTURE 


required for a working pressure of 200 
pounds. 

When the fireman on the boiler re- 
ported that he had 175 pounds pressure, 
he was ordered to connect up, as the 
pressure on the steam gages on the main 
boilers corresponded. The fireman went 
on top of the boiler and had just eased 
up on the valve when the explosion oc- 
curred. 

No evidence of water hammer was 
found after the explosion, but the in- 
clined position of the pipe, the globular 
form of the valve chest and the posi- 
tion of the drain were all favorable to 
the accumulation of water. It is be- 
lieved that the slightest internal blow 
on a chest of such unequal thickness 
would be sufficient to cause fracture. 

A short length of copper steam pipe 
has been fitted in place of the exploded 
chest and the intermediate stop valve has 
been omitted. 


STOP-VALVE CHEST 


This explosion, in a print works near 
Glossop, was caused by the failure of a 
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stop-valve chest, due to water hammer, 
no drain being fitted to the chest to re- 
lieve it from water of condensation when 
it was closed. 

The valve was of the mushroom-coned 
type having a central spindle beneath, its 
seat and branches being of 4-inch bore. 
The spindle was 1% inches in diam- 
eter in the gland with a square-threaded 
13%-inch screw, four threads to the inch, 
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working in a nut in the boss of the chest 
cover. The globe-valve chest (Fig. 3) 
was made of cast iron, the valve, seat, 
gland and spindle being of brass, with 
5-inch internal diameter at the top. From 
flange to flange the chest was 124 inches, 
the flanges being 9 inches in diameter, 
74 inch thick, and secured to the steam 
pipes by four %-inch bolts; the maximum 
pressure was 50 pounds per square inch. 
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When the works were closing for the 
day the attendant noticed a steam-pipe 
joint leaking at a valve near the bend. 
He shut down the stop valve instead of 
closing the steam-supply valve and went 
home. He did not mention what he had 
done, but the next morning tried to 
tighten up the leaky joint and in attempt- 
ing to reopen the stop valve, caused the 
explosion almost immediately. 


Purchasing Coal under Specifications 


A very interesting and instructive dis- 
cussion upon “The Purchase of Bitumi- 
nous Coal under B.t.u. Specifications,” 
by F. P. Crecelius, is contained in the 
annual report of the committee on power 
generation of the American Electric Rail- 
way Engineering Association. 

After reviewing the various publica- 
tions upon this subject as gotten out by 
the Bureau of Mines, Mr. Crecelius sum- 
marizes the advantages of purchasing 
coal under definite specifications as found 
by the Government. These are: 

1. Bidders are placed on a strictly 
competitive basis as regards quality as 
well as price. 

2. The field for both purchaser and 
dealer is broadened, as trade names can 
be ignored and comparatively unknown 
coals offered by responsible bidders may 
be accepted without detriment to the pur- 
chaser. 

3. The purchaser is insured against 
the delivery of poor and dirty coal, and is 
saved from disputes arising from con- 
demnation based on the usual visual in- 
spection. 

4. Experience shows that it is not al- 
ways expedient to reject poor coal, be- 
cause of the difficulty, delay and cost of 
removal. Under definite specifications, 
rejectable coal may be accepted at a 
greatly reduced price. 

5. A definite basis for the cancelation 
of the contract is provided. 

6. The constant inspection and an- 
alysis of the coal delivered furnish a 
check on the practical results obtained in 
burning the coal. 

The Government cautions further that 
the aim in purchasing coal for any power 
plant should be to obtain a fuel which 
will produce a horsepower for the least 
cost, “all” things being considered. The 
most careful attention should first be 
given to the nature of the existing fur- 
nace equipment, draft and load; the 
character of coal best suited to the plant 
conditions, the number of heat units ob- 
tainable for a unit price; the cost of 
handling the coal and ash; and the pos- 
sibility of burning the coal without smoke 
‘ or other objectionable features. 

The usual and customary element upon 
which premiums and penalties are based 
is the heat content expressed in British 
thermal units. The justification for this 
is based upon the fact that coal which 


By purchasing coal un- 
der definite specifications 
the Bureau of Mines claims 
that bidders are put on a 
strictly competitive basis; 


the purchaser 1s insured 
against poor quality; re- 
jectable coal may be ac- 
cepted at reduced prices, 
and there 1s a check on the 
practical results obtained. 


gives up the most heat per pound is 
the most valuable. And if it were not 
that other elements, such as ash, sulphur, 
volatile matter and moisture are pres- 
ent in varying amounts in different grades 
of coal, requiring altogether different fur- 
nace equipment to burn economically, 
the matter of drawing up specifications 
would be comparatively simple. 

However, because of the presence of 
the other disturbing elements mentioned, 
and because of the further fact that in 
any market a number of grades of coal 
can be had at different prices, which vari- 
ation in price is usually all out of pro- 
portion to the respective steam-making 
quality of the various coals offered, it 
follows that other restrictions must be 
added to the specifications. 

The most disturbing elements in coal 
are ash, sulphur and moisture. 

The presence of an excessive amount 
of ash in any coal manifests itself in the 
nature of a reduction of capacity because 
of its occupying a relatively large amount 
of effective grate area with inert matter. 
It is also the source of additional ex- 
pense as regards cost of removal and 
extra wear and tear on ash-handling ap- 
paratus. It should therefore be restricted 
to a certain limited amount, no premium 
being allowed for a minimum. Penalties 
for amounts in excess of the allowable 
limits should be provided, and these pre- 
ferably should become excessive after a 
certain value. 

Sulphur, either free or in combination 
with other elements, in excess of 3.5 per 
cent. is decidedly disadvantageous, es- 


pecially when burned in certain types of 
furnaces. It is the principal source of 
formation of fusible clinkers, which clog 
the fire, adhere to the grate bars and in- 
crease enormously the cost of maintain- 
ing the furnaces. No premiums for a 
minimum should be provided. 

Moisture is a matter entirely beyond 
the control of the dealer, depending upon 
weather conditions, distance of transpor- 
tation, etc., and if the heat determination 
is made upon samples either “dry” or “as 
received,” it has been compensated for. 

If coal bills are settled according to 
weights at the receiving station this value 
should be determined and the B.t.u. de- 
termination made upon samples “as re- 
ceived.” If bills are paid according to 
railroad weights at the loading station the 
B.t.u. determination should preferably be 


made on a dry sample. 


Volatile matter, more than any other 
element, provides the means for deter- 
mining the source of the fuel supply. The 
amount of volatile matter in coal in- 
creases with the distance from the At- 
lantic coast to the Mississippi river and 
furnishes an indication of the section in 
which the coal was mined. The presence 
of volatile matter is not necessarily detri- 
mental to the coal; however, because of 
existing furnace equipment and severe 
smoke regulations, it may be necessary 
to restrict a fuel containing excessive 
amounts of volatile matter. 

In some cases the premiums and penal- 
ties provided in coal specifications can- 
not be proportional with respect to the 
B.t.u. values, but must be of an accelerat- 
ing nature, either above or below stand- 
ard. This is the case in the specifications 
of the Cleveland Railway Company, and 
a short outline of the underlying condi- 
tions responsible for this is as follows: 

There are available in the Cleveland 
market three grades of slack coal, at dif- 
ferent prices, and of different steam-mak- 
ing qualities. These, for present pur- 
poses, may be designated as grade 1, 
grade 2 and grade 3. The market prices 
are according to quality and depend also 
upon the freight rates, but in no case is 
the market price anywhere nearly pro- 
portional to the relative value of the dif- 
ferent grades when based upon evapora- 
tion. 

After a thorough study of the relative 
value of these coals, results obtained after 
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careful and prolonged tests indicated that 
grade 2 coal was the best suited. On ac- 
count of a loss in effective plant capacity 
when burning grade 3, due to its poorer 
qualities, this fuel had to be cut out of 
consideration. Grade 1 coal is very sat- 
isfactory and is received, but payment 
is made according to its value as com- 
pared to grade 2 coal, which has been 
made the standard in the contract. 

The value of the relative fuels, the 
prevailing market price and settling price 
are shown in the following table: 


Kind of Coal Grade 1 Grade 2 Grade 3 
11.6 % 13 "30% 8.11% 
Sulphur 2.03% 3.50% 5.15% 
Moisture. . 1.52% 2.70% 3.55% 
Volatile combust- 

ible matter. 31.33% 35.62% 35.03% 
Fixed carbon..... 53.52% 44.38% .16% 
Market per 

ton delivered. . $1.75 $1.60 $1.40 


Settling price ac- 
cording to con- 
$1 67 $1.60 $1 32 


Statements and conclusions relative to 
the unfairness of arbitrary penalties and 
premiums, which are not based upon real 
or proportional variations, abound, and 
lately considerable stress has been laid 
upon the supposedly excellent results to 
be obtained from a combination method 
of purchase based upon an evaporation 
basis and an analysis basis. It does not 
seem proper to make an outside party 
responsible for the economical perform- 
ance of equipment not in his control, sim- 
ply because he happens to supply a nec- 
essary commodity. This is the circum- 
stance when the coal dealer is called upon 
to supply fuel on a basis of evaporation 
and this disadvantageous practice will 
continue to the mutual dissatisfaction of 
both parties so long as doubt and uncer- 
tainty shroud the matter of a proper basis 
of fuel purchase. 

The report contains fn detail the coal 
specifications of the Cleveland Railway 
Company and those of the New York In- 
terborough Rapid Transit Company. In 
the specifications of the former company 
the standard for heat value per pound of 
dry coal is 12,610 to 12,759 B.t.u., in- 
clusive. The premiums range upon a 
graded scale as high as 21 cents per ton 
above standard price for heat values of 
13,960 B.t.u. and above; whereas the 
penalties range as high as 50 cents per 
ton for heat values of 10,660 to 10,809. 

The standard for ash is placed at from 
0 to 15 per cent., with no premium for a 
minimum amount. For excess ash, how- 
ever, the penalty reaches 50 cents per 
ton for 29.1 per cent. and over. Likewise 
a heavy penalty is provided for sulphur. 
The standard is placed at from 0 to 3.5 
per cent. and the penalty increases 
gradually until it is 45 cents per ton, cor- 
responding to ash of 10 per cent. and 
over. 

It is further stipulated that if the con- 
tractor should fail at any time to supply 
coal of such quality or quantity as stipu- 
lated in the contract, the railway com- 
Pany shall have the right to purchase coal 
in such quantities as may be needed, at 


2.5 per cent. 
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the market rates and fn the open mar- 
ket, and collect the additional cost, if 
there be any, from the contractor. Also, 
the railway company shall have the right 
to cancel the contract and relet the work 
should the contractor fail to fulfil all 
the terms of the contract. 

The specifications of the Interborough 
Rapid Transit Company provide for the 
acceptance, without penalty, of coal con- 
taining 20 per cent. or less volatile mat- 
ter, 9 per cent. or less ash and 1.5 per 
cent. or less sulphur. This is designated 
as the standard with no premiums for 
minimum amounts, but with penalties 
ranging as high as 18 cents a ton for 24 
per cent. or more volatile matter, 23 cents 
per ton for 13.5 per cent. or more ash 
and 12 cents per ton for sulphur up to 
The premiums for an ex- 
cess in B.t.u. over the standard of 14,201 
to 14,250 run as high as 26 cents per ton 
for 15,505 B.t.u. per pound of dry coal 
and the maximum penalty is 45 cents per 
ton for a heat value of 12,000 B.t.u. or 
less per pound of dry coal. The average 
premium and penalty is about 1 cent per 
ton for each 50 B.t.u. in excess or short 
of the standard. 


New Use for Deep Well 
Pump 
By W. T. GRIFFITH 
The Big Sandy river is a stream which 
varies from about 2 feet of water to 35 
feet at extreme high water; and during 
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ARRANGEMENT OF Pump 


the heavy rains of spring and fall the 
rises often come suddenly. During 
high water the river carries large quan- 
tities of mud and sand, which as the 
river falls is deposited along the banks 
and on the bars. 

Heretofore the general way of obtain- 
ing water for power plants and railroad 
water tanks has been by means of a 
steam pump mounted on a truck which 
can be raised and lowered on a track laid 
up and down the banks, the main dis- 
charge line having several openings pro- 
vided for attaching the discharge of the 
pump. Moving the pump and changing 
the pipe connections require consider- 
able time. 

The power plant of the Colonial Coal 
and Coke Company, at Prestonsburg, Ky., 
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is situated some distance from the river, 
and to carry a steam pipe that distance 
was not thought practicable. 

The writer conceived the idea of set- 
ting a deep-well pump on top of the 
river bank, at such an angle as to run 
the drop pipe parallel with the sloping 
bank of the river and place the working 
barrel at low water. This would avoid 
any trouble of priming the pump and at 
the same time the motor and working 
head could easily be got at and at all 
times be out of the way of flood waters. 

When this proposition was presented 
to the different pump manufacturers, 
none of them could show any good rea- 
son why it would not work, but all with 
one exception seemed to be afraid of it. 
The worst objection presented is that 
the sag of the rods against the drop pipe 
would wear them out. The rods are 
made of wood and the pipe of iron. The 
wear is not great and, even if the rods 
do wear out, the drop pipe is easily ac- 
cessible and it can be uncoupled and a 
new rod put in. This wear only comes 
on the downstroke, as on the upstroke 
the rods are taut. 

The pump installed is a Platt Iron 
Works, designed for a working head of 
151 feet, with a stroke of 24 inches and 
a 63-inch working barrel. The pump 
makes 30 strokes per minute. The set- 
ting of the working head at an angle ne- 
cessitated some changes from the regu- 
lar pattern in order to connect the 15- 
horsepower motor. 

To avoid some rock excavation the 
working barrel was placed above ex- 
treme low water but below the average 
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Stage, and from the working barrel a 
suction pipe is carried out into the river 
and at the end is placed a 100-mesh 
screen. Should the river deposit silt 
around the suction or other obstructions 
gather around the screen, there is pro- 
vided a 2-inch bypass from the main dis- 
charge to the suction, which on being 
opened will force anything away from 
the screen. 

The pump discharges into a 20,000- 
gallon tank placed on the hillside 145 
feet above the level of the check valve 
of the pump. When the pump was first 
started considerable trouble was caused 
by fluctuations in pressure. This has 
been practically overcome by increasing 
the size of the air chamber, which is 
now 12 inches by 7 feet. 
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Power Derivable trom Ocean Waves 


Dynamic theories of water waves have 
been the subject of inquiry by many 
eminent engineers and scientists. The 
results of their researches tend to show 
that the energy created by ocean waves, 
whether derived from the action of tides, 
winds or other forces in nature, is event- 
ually expended in lifting, tossing and 
driving the water in innumerable forms 
of motion. During periods of extraor- 
dinary disturbances, the water’s surface 
and subsurface energies are extremely 
complex. In many places these disturb- 
ances are augmented by combinations of 
local conditions and neither the surface 
nor subsurface waters hold to a uniform 
degree of activity for any considerable 
length of time. These features are true 
of localities where during times of or- 
dinary ocean storms the impulses of 
waves have been known to exceed 3000 
pounds to the square foot; but such 
places would be entirely unsuitable for 
the location of wave motors, because of 
the great difficulty in securing stability 
of mechanism and regularity of the 
propelling power. 

Modern methods have made possible 
the storage and long-distance transmis- 
sion of power developed from irregular 
sources; hence the problem of obtaining 
power from ocean waves is an encourag- 
ing one. But in view of the inconstancy 
of the energy, the doubtful efficiency and 
hazard attending the construction of 
plants designed for utilizing energies of 
the deep sea, it is fair to ask that prac- 
ticability of wave motors should first be 
demonstrated in shallower waters, where 
all elements are under greater control. 
Although subsurface activities are usual- 
ly concomitant with surface activities, 
one may exist without pronounced de- 
velopment of the other. Water in an or- 
dinary tank may have its surface dis- 
turbed into the formation of waves without 
creating a perceptible subsurface disturb- 
ance beyond the body of the surface wave 
form itself; or, on the other hand, the 
whole body of water in the tank may be 
agitated and may be brought to rest 
again, without a perceptible formation of 
surface waves. In the latter case the 
particles act and counteract on each other 
and on the sides of the containing ves- 
sels, assuming swirls and eddies or set- 
ting up a churning action which is ac- 
companied by surface froth and foam. 

When subsurface energies resolve 
themselves into surface forms, it is the 
result of unbalanced kinetic energies 
recovering their equilibrium by overcom- 
ing the force of gravity in lifting some 
of the water and thus storing potential 
energy in the wave form above the gen- 
eral level. When conditions are favor- 
able to this manner of forming the sur- 
face wave, its propagation continues in 
the same manner until complete equilib- 


By Franklin Van Winkle 


A discussion of the wave 
forms in shallow and deep 
waters and the limitations 
met with in attempting to 
convert the energy of the 
waves into useful work. 


rium is established by one-half of the 
original subsurface kinetic energy being 
converted into potential energy. But 
when conditions are not thus favorable 
for the transformation of one-half of the 
kinetic into potential energy, the subsur- 
face forces, in seeking equilibrium with- 
out having parted with any of their 
original intensities, when opposed, as by 
coming in contact with stationary objects, 
naturally assert themselves with double 
the violence. Hence, havoc is frequently 
wrought by the pounding and boring 
action of the sea at times when surface 
waves are insignificant. Many people 
have the mistaken idea that surface and 
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subsurface energies are in direct propor- 
tion to the hight of the surface form of 
the wave. 

Before passing to a consideration of 
the energy of the ordinary forms of 
waves a few further observations may 
not be amiss respecting subsurface en- 
ergy. Until subsurface disturbances 
have worked themselves into some uni- 
formity of wave form, the kinetic forces 
are exceedingly complex and confused. 
When the kinetic energy is in the form 
of a steady stream, as in the instance of 
a tidal current flowing through a narrow 
channel, then the energy of practically 
the whole body of water continues as 
kinetic energy, and the problem of obtain-: 
ing power becomes identical with condi- 
tions that are met by the installation of 
current waterwheels. This is not only 
one of the oldest méthods of obtaining 
power from water, but also one of the 
most expensive, in proportion to the 
amount of power obtained. 

In view of the energy with which waves 
are hurled against cliffs and masses of 
masonry, it might seem probable that an 
area placed normal to the general wave 


action would present favorable oppor- 
tunities for the development of power. 
The fact remains, however, that when 
kinetic activities of the water are thus 
expended they are extremely irregular. 
In localities where wave action of this 
kind is continuous, the task of installing 
a plant for intercepting the energy of 
the water would be very hazardous and 
of doubtful permanency. But assuming 
that the difficulties of construction and 
maintenance are overcome, the kinetic ac- 
tion has to be received and absorbed in 
the form of irregular impulses varying 
from violent, impacts to negative hydro- 
static pressures due to the “suction-like” 
action of receding volumes of water. 

The simplest forms of ocean waves 
are those which are propagated in deep 
water and they are referred to in this 
connection mainly because the funda- 
mental theories of the simple wave mo- 
tions are based upon deep-water condi- 
tions. It may be said in passing, how- 
ever, that the leading characteristics of 
shallow-water waves, which are most 
likely to be considered for imparting en- 
ergy to wave motors, are analogous to 
those of deep-sea waves. 

Extensive and critical observations of 
ocean waves made by officers of the 
French and English navies and by inde- 
pendent experimenters on wave motions 
produced in large glass tanks, appear to 
confirm the leading principles of wave 
motions that are deducible from what is 
termed “the trochoidal-wave theory.” 
This theory is based upon the motions 
which are set up in deep-sea waves or- 
dinarily known as “rollers” when such 
waves are propagated uniformly and in 
a regular and uniform series. When a 
simple deep-water wave passes over a 
point, each surface particle and the 
particles of all the water to a consider- 
able depth describe circular or elliptical 
orbits in vertical planes which are perpen- 
dicular to the ridge of the wave. Under 
normal conditions it is assumed that the 
particles describe orbits which are true 
circles; that they travel in their circular 
orbits at uniform rates of speed once 
during the passage of a complete wave 
form measured from the center of a crest 
to the center of a succeeding crest; and 
that the profile of the wave surface takes 
the form of a trochoid. 

The term “roller,” commonly used with 
reference to wave motions, is undoubtedly 
derived from a popular but erroneous 
notion that wave motions consist of pro- 
gressive rolling over and over of a body 
of water in the form of a cylinder or 
roller partly submerged below the gen- 
eral surface, as indicated in Fig. 1. There 
is some excuse for this opinion; for the 
crest of the wave and its rounded form 
of breast and back down to about half 
of the total depth of the wave, partake 
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of motion in the direction of travel of 
the wave form, resembling the upper part 
of a rolling cylinder. From a geometrical 
analysis of the motions of the particles 
it will be seen that in the ordinary, fully 
developed deep-water wave, the “rolling- 
cylinder” idea is not confirmed but that 
the particles move in orbits whose cen- 
ters are fixed, except for a lateral mo- 
tion which they may assume along with 
shifting of the whole body of the water, 
which is very small in comparison with 
the speed at which the form of the wave 
travels over the surface of the water. 


Direction of Travel of Wave Form 
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Fic. 2. SuccessivE PosITIONS OF FLOAT 


Special attention is called to the fallacy 
of the “rolling-cylinder” idea to guard 
the reader against receiving any such 
impression from hasty perusal of the dia- 
grams of wave motions. The orbits of 
individual particles, drawn as complete 
circles or ellipses, are often wrongly con- 
strued as illustrating solid cylindrical 
bodies of water. 


ACTUAL MOTION OF PARTICLES 


Assuming that the actual motions of 
a small group of surface particles of 
the wave are the same as that of a.small 
float carried on the wave, a study can 
then be made of the motions of the sur- 
face particles from observations of the 
motions of the float. By photographing the 
float, from a stationary position, allowing 
the exposure sufficient time to get the 
complete passage of a wave, if the float 
affords good reflection of light in strong 
contrast with light received from the sur- 
face of the water, a view may be had of 
the path of the float in a single exposure. 
If there were no general forward motion 
of the whole body of water, an exposure 
continued during the period of two or 
more wave lengths would show the path 
in the form of a continuous curve, re- 
peating once for each wave length. But 
the form of curve and the velocity with 
which the float passes over different 
parts of its path could be best ascer- 
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tained by taking a series of instantaneous 
photographs at equal intervals of time. 
Such a series of photographs of con- 
secutive positions of the float, and corre- 
sponding positions of the wave, would 
resemble the series shown in Fig. 2, in 
which a small float is represented in the 
successive positions at P, Pi, P2, Ps, etc., 
finally assuming the position P, identical 
with the original shown at P. One would 
expect that if the wave crest had a uni- 
form advance in the direction of the ar- 
row V, the form of wave in each case 
would be the same, excepting that the 
crest would be uniformly advanced as at 
P, in the successive cases, until the wave 
crest has passed over a full wave length 
as at P, in the last case. If a series of 
views such as shown in Fig. 2 are super- 
imposed, one over the other, in such man- 
ner that views of stationary objects, like 
the piles S and S; register over each 
other, then successive positions of the 
wave’s crest and corresponding positions 
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finally falling at A, and, continuing, will 
follow in the curved path A, R; R. R: Rs. 
By finding successive positions occupied 
by the point R for a large number of 
points of tangency, such as Ai, Az, As, the 
continuous path is determined which 
would be described by the point R when 
the circle A R is rolled along the line A B. 
The curve thus described by a point in 
the circumference of a circle rolled along 
a straight line is called a “cycloid.” 
By extending the radius CR to a 
point 7 outside the rolling circle, .suc- 
cessive positions of the point T can be 
determined, as it describes the path indi- 
cated by the dotted line for successive 
pesitions of the center of the rolling cir- 
cle. This curve is called a “curtate 
cycloid.” In the same manner one may 
determine the successive positions of a 
point P which is within the circumfer- 
ence of the rolling circle. This curve 
P. Ps...Ps is called a “prolate cycloid.” 
The term “trochoid” is used to denote 


Fic. 3. Forms oF WAVE SUPERIMPOSED UPON ONE ANOTHER 


of the float would be brought together 
as shown at 1, 2, 3, etc., in Fig. 3, and 
lines connecting adjacent points will show 
the path described by the float during one 
full wave length. 

Referring to Fig. 4, AB represents a 
straight line and AR is a circle tangent 
to AB at A. If the circle AR is rolled 
along the line A B in the direction indicated 
by the arrow W, and the distance from A 
to B is equal to the circumference of the 
rolling circle A R, then in half a revolu- 
tion a point R at the extremity of the 


both the curtate cycloid and the prolate 
cycloid, although the “trochoidal-wave 
theory” almost exclusively deals with 
properties of the prolate cycloid. 


THE TROCHOIDAL MOTION 


As previously stated, the trochoidal- 
wave theory is based on the assumption 
that the profile of the surface wave is 
in the form of a trochoid. It can be 
shown, as assumed by this theory, that 
dynamic equilibrium is satisfied in this 
form of wave when the moving particles 


Fic. 4. DEVELOPMENT OF THE CYCLOID AND TROCHOID 


diameter AR will fall on AB at A, mid- 
way between A and B; in a complete 
revolution the point A of the circle AR 
will again touch the line A B at the point 
B and the point R would fall vertically 


under B. If the original semi-circle 
A-1-2-3-R be divided into four equal 
parts, A-1, 1-2, 2-3 and 3-R, and A A, be 
divided equally into the same number of 
spaces, then point 1 will fall on A, and 
when it does, the center of the circle will 
be at C; in the vertical line A: C,, and will 
be similarly rotated for succeeding points 
of tangency A:, A;, etc. The point R will 
be carried to the positions Ri, R., etc., 


of water describe orbits which are cir- 
cles whose centers are fixed with refer- 
ence to the uniform movement of the 
wave form, and that each particle, travel- 
ing at uniform speed in its orbit, makes 
a complete revolution once during the 
passage of each complete wave. 

It has been observed that these condi- 
tions are usually characteristic of natural 
deep-water waves, but the same general 
relations of wave form. and motions of 
particles have been found to exist in 
artificially formed waves. 

A deep-sea wave of this form may be 
assumed to travel over the general sur- 
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face at a uniform rate of speed within 
its own length, although, taken as a series, 
oncoming waves may increase in length 
or hight from the action of the wind or 
may die down into a calm. The same 
trochoidal conditions exist, though the 
properties may be different and there is 
reason for the belief that not only do 
waves take on other forms as a result 
of initial disturbances, but upon running 
out into deep water they quickly work 
down into the trochoidal form. 

According to the trochoidal theory, if 
the wave form, shown by the successive 
positions in Fig. 2, is an ordinary deep- 
water wave, then the curvature of the 
profiles in each case will be that of a 
prolate cycloid; and if the path of a 
particle such as P has been correctly de- 
termined, as shown by points 0-1-2-3-4- 
5-6-7 in Fig. 3, then these points will be 
found to lie on the circumference of a 
perfect circle; and having been observed 
at equal intervals of time they will be 
equally spaced around such an orbit 
circle. 

It is of interest .to trace the geometrical 
relations between the wave form and the 
o1bital motion of a particle, showing their 
conformity to the theory. These relations 
may be understood by reference to Figs. 
2, 3, and 4. In position a, Fig. 2, PsP 
represents the profile of a half wave 
length from the center of the crest to the 
center of the trough of the wave, the 
curvature of profile being drawn in the 
same length, hight and form of trochoid 
as the semi-trochoid PP; P:P;P, in 
Fig. 4. 

Assuming that the horizontal direction 
of travel of the wave form is in the direc- 
tion of the arrow V in Figs. 2 and 4, the 
crest for half the whole depth of the 
wave travels forward with the wave mo- 
tion, while the surface of the trough, up 


Direction of Form of Wave 
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Fic. 5. OrsitT DIMINISHING WITH 
INCREASED DEPTH 


to about one-half the depth, travels back- 
ward, as indicated by the small arrows. 
As the surface form goes forward, a 
surface float dropped in the trough as at 
P is lifted, but moved backward until it 
reaches half the hight of the wave, as at 
P.; next it is caught by the forward mo- 
tion of the breast of the wave and carried 
forward and upward to the very top as 
P,; then descending on the back of the 
wave, continues in a forward motion to 
P; and to P.. In falling with the trough 
of the wave from the latter position it 
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moves backward with the trough through 
position P; and then resumes position P 
ready to repeat the cycle. 

In Fig. 2 the successive positions 
are of the same trochoidal form as 
P P, P; P; Ps Ps Ps P; Ps in Fig. 4, but each 
with the crest of the wave advanced one- 
eighth of a wave length. The relations 
which the circular orbit bears to the 
trochoidal form will be better understood 
from a reéxamination of the construction 
of the trochoidal form, Fig. 4. Refer- 
ring to Fig. 4, the trochoidal form P to 
P, was understood to be the curved path 
that would be traced by the point P being 
carried along with the rolling circle AR 
in rolling along the line AB from A to 
A; Assuming CP to be the radius of 
the orbital circle of a surface particle, 
the distance AA; being equal to one- 
eighth of the circumference of the rolling 
circle and equal to the arc A-1, the point 
1 falls at A: so that when the center of 
the rolling circle comes into the same 
vertical line as A:, the radius C P has 
advanced to C P;. It is apparent, there- 
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circle and orbital circle were stationary, 
a revolution of one-eighth of a circumfer- 
ence would carry the point P up and 
around on the orbit circle which would 
be in the line P, J at the same elevation 
as P;, As CJ is parallel to C; P; the dis- 
tance from P,; to J equals the distance 
from C, to C and this is equal to one- 
eighth the total wave length A B. Hence, 
with the center of the orbital circle fixed, 
a horizontal movement of the trochoidal 
form toward P in direction of the arrow 
V through a distance P J would be coin- 
cident with the movement of the particle 
through one-eighth of its circular orbit. 
After being raised as high as the center 
of its orbit, as shown at P:, then in rising 
to a higher position as P;, the particle 
has a horizontal motion in the same di- 
rection as the wave, until it has again 
fallen to half the hight of its orbit circle, 
as at P,; and then falls again with the 
backward motion of the trough of the 
wave, as previously described. 

To satisfy the trochoidal equilibrium 
of the surface, the body of water under 
the surface divides into an indefinite 
number of trochoidal subsurfaces, each 
of which must have been originally com- 
posed of horizontal surfaces which, by 
passage of the trochoidal wave, are con- 
verted into trochoidal subsurfaces. Thus, 


in Fig. 5 the trochoidal surface form be- 


ing P,P, Ps, the original horizontal sub- 
surface layers by bs, ¢: Cs Cs, di ds ds, etc., 
become trochoidal surfaces, the orbit 
circles of each diminishing in diameter 
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in geometrical progression as the depth 
increases in arithmetical progression. 
Particles at the greater depths follow the 
same law as the surface particles. The 
subsurface trochoidal surfaces are con- 
sidered as generated simultaneously with 
the same angular displacement in all 
circular orbits whose centers are in the 
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same vertical; and, as in the case of 
orbits of surface particles, the centers of 
the subsurface orbits lie a little above 
the position that the particle occupies 
before it has been disturbed. 

Circular orbits, thus established, con- 
tinve, so long as the depth of water ex- 
ceeds about one-half the length of the 
wave; but as the wave comes into shal- 
lower water, the whole system of cir- 
cular orbits become elliptical, with the 
longer axes horizontal, as indicated in 
Fig. 6. Vertical motion decreases more 
rapidly than horizontal motion at the 
greater depths; hence the deeper a par- 
ticle is situated, the more flattened is its 
orbit, so that a particle in contact with 
the bottom simply moves forward and 
backward, without any vertical motion, as 
shown at C—C, C—C, etc., in Fig. 6. 

The trochoidal curves thus developed 
by elliptical orbits tend to make the crest 
of the wave sharper. When the orbits 
are thus converted from a circular to an 
elliptical form, the time occupied by each 
particle in making one revolution in its 
flattened orbit is the same as it required 
in traversing its orbit in a circular form. 
Hence, when a series of waves advance 
into water gradually becoming shallower, 
their periods remain unchanged, but their 
speed and consequently the lengths of 
the waves diminish and their slopes be- 
come steeper. The elliptical orbits be- 
come more and more distorted, so that 
the breast of each wave gradually be- 
comes steeper than its back and the ad- 
vancing change of form continues as if 
the crest of each wave was overtaking 
the trough in front of it. This is indi- 
cated by the approach of A toward B, and 
B toward C in Fig. 7, until finally the 
front wave curls over beyond the ver- 
tical, its crest falls forward on the beach 
and breaks into surf. ; 

The ordinary deep-sea wave, from its 
formation to the time it is broken up into 
surf, may be said to have passed through 
three distinct stages: 

(1) The trochoidal form with circular 
orbits of its particles, while in water of 
greater depth than one-half the wave 
length. 

(2) The trochoidal form with el- 
liptical orbits of its particles, while in 
shallower water with reduced length, 
hight and speed of wave. 
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(3) The shallow-water wave, with no 
regularity of trochoidal form, with ellip- 
tical orbits becoming rapidly distorted and 
the motion of the particles following no 
law but accidental combinations of local 
circumstances of wind, tides, currents 
and countercurrents combined with the 
chance influences of irregularities of the 
bottom. 


Once the deep-sea wave has passed 
beyond the second stage, no reliance can 
be placed on the motions that are taken 
up by the particles and it is equally 
impossible to conclude how much of the 
energy of the wave while in the trochoidal 
‘form has been transmitted to the final 
surf wave. The energy of motion of a 
given wave form, which advances into 
shallow water or through a narrow 
inlet, is successively communicated to 
smaller and smaller bodies of water and 
there is a tendency to throw the whole 
body of water into more and more violent 
agitation. Energy thus expended may 
occasionally be transmitted forward in a 
stated wave form, but the chance is that 
it is counteracted by losses of energy 
which take place in the formation of 
eddies and surge at sudden changes of 
depth and irregular friction of the 
bottom. 


The dynamic principles of the tro- 
choidal-wave theory, now so generally ac- 
cepted, were first advanced by Professor 
Rankine, but the credit of extending the 
results to formulas of the horsepower of 
deep-sea waves belongs to Lieutenant 
Stahl,* United States Navy, from which 
formulas he has constructed a table of 
the total energy of deep-sea waves in 
terms of horsepower per foot of breadth 
for waves 25 to 400 feet long, and for 
ratios of lengths to hights of waves vary- 
ing from 50 to 5. 

In referring to this table it should be 
borne in mind that it is intended to ex- 
press the gross theoretical horsepower 
resulting from computation of the com- 
bined kinetic and potential energy of 
deep-sea waves. For reasons already 
stated the full energy of the deep-sea 
wave cannot exist after the wave has 
come into shallow water. One must not 
overlook the fact that the wave motions 
in shallow water so completely neutralize 
each other as to obliterate the relative 
amount of energy obtainable in shallow 
“water from deep-water waves of different 
sizes. Therefore the table of horsepowers 
of deep-water waves can hardly be re- 
garded as a measure of energy resident 
in shallow-water waves. Hence, in con- 
struction and application, wave motors 
which are to be used in shallow waters 
depend almost entirely upon the lifting 
power of the waves, their hight, frequency, 
chance circumstances of locality and 
weather conditions. 


*Transactions, American Society of Me- 
chanical Engineers, Vol. XIII, page 438. 
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Any energy received from lateral mo- 
tions, being the resultant of other mo- 
tions which in the main tend to neutralize 
each other, can only occasionally produce 
energy suitable for transmission in the 
form of useful power and this with but 
feeble effect. The total energy obtain- 
able as power from shallow-water waves 
per foot of shore line can, therefore, be 
but a small fractional part of the energy 
per foot of breadth of the deep-sea waves 
out of which the shallow-water waves 
originate and the power derivable from 
shallow-water waves is practically con- 
fined to the utilization of their lifting 
power. This statement applies most par- 
ticularly to wave motions in waters where, 
from shallowness or irregularities of the 
bottom or other causes peculiar to the 
location, the trochoidal orbital motion has 
disappeared. 


The proportion of original kinetic en- 
ergy which may have passed into poten- 
tial energy and which is available as 
lifting power will vary with different 
locations and will be variable for a given 
location. Nothing can be predicted gen- 
erally of the lifting power which can be 
realized under these conditions. In 
determining the feasibility of installing a 
wave motor in waters of this kind, con- 
ditions peculiar to the locality should be 
studied separately. Observations of the 
site should extend over a number of sea- 
sons. 


There are some locations where the 
orbital characteristics of the deep-sea 
wave continue on into waters that are 
shallow enough for establishing wave 
motors. This may be at depths of 20 to 
40 feet where, as illustrated in Fig. 6, 
the upper trochoidal layers have had 
their circular orbits of the deep-water 
wave converted into elliptical orbits and 
most of the orbital energy of the deep- 
water wave may be regarded as con- 
tinuing in the elliptical orbits. It has 
been proposed to utilize this orbital en- 
ergy by intercepting the “to and fro” 
motion of the “distorted verticals.” 

One of the main difficulties attending 
this proposition would seem to lie in the 
fact that in depths where it would be 
reasonable to erect and maintain wave 
motors, a large proportion of the original 
deep-water orbital energy is at or near 
the bottom and the upper trochoidal 
layers have only about the same orbital 
energy which they had before the orbits 
passed from circular to elliptical forms. 
Under these circumstances, an intercepter 
of the orbital energy, in the form of 
a “paddle” or other resisting surface, 
would have to be hinged at its lower end, 
or be guided in some manner causing it 
to move parallel with the motion of the 
wave. In either case, it is difficult to 
conceive of a mechanism by which more 
than about one-half of the orbital energy 
of the wave could be thus intercepted, 
even though the direction of waves were 
constant. 
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Mathematical discussion of the energy 
of the complete trochoidal wave goes to 
show that one-half of the total energy 
is kinetic and one-half potential. Hence 
not more than one-fourth of the total 
wave energy per foot breadth of wave 
could in any probability be opposed by 
mechanism designed to receive the kinetic 
energy of subsurface particles. Un- 
doubtedly the most efficient form of sur- 
face for thus receiving the kinetic en- 
ergy would be plane surfaces placed nor- 
mal to the motion of the wave and mov- 
ing with it; hence if constrained to 
operate on fixed guides or to swing on 
fixed pivots they would lose orbital en- 
ergy for any change of direction in the 
travel of the waves. 

There are two additional considera- 
tions: Efficiency of the surface for re- 
ceiving the kinetic wave energy and effi- 
ciency of the mechanism for conver- 
sion of the effect into useful power. 
As to the former, it is generally con- 
ceded by hydraulic engineers that the 
kinetic energy of a current, received on 
a submerged surface, varies according 
to no known law for a given depth of 
submergence, velocity of current and size 
or form of surface: the efficiency has to 
be determined by experiment for each 
particular case. At best, the greatest en- 
ergy to be derived is from the surface 
particles or those at very moderate depths 
of submergence, traveling at uniform 
velocity, and by plane resisting surfaces 
placed normal to the current and travel- 
ing with the current at half of its veloc- 
ity. Poncelet determined that with plane 
surfaces submerged and moving in this 
manner he could realize 40 per cent. of 
the kinetic energy of the intercepted cur- 
rent. 

Applying this to the interception of 
one-half of the kinetic energy of the 
wave, under most favorable circumstances 
only 20 per cent. of the kinetic energy of 
the wave for propelling the intercepting 
surface would be realized. Any rugged 
form of apparatus likely to be adapted 
for a wave motor could hardly be ex- 
pected to convert more than three-fourths 
of this energy into useful power; that is, 
not over 15 per cent. of the kinetic en- 
ergy of the wave. Hence, with means for 
harmonious absorption of kinetic energy, 
no more than 7% per cent. of the total 
energy of the trochoidal wave can, in any 
probability, be utilized. The chances of 
obtaining power from “distorted verticals” 
are therefore founded on a very narrow 
margin which is much too small for 
commercial encouragement in the de- 
velopment of wave motors designed to 
obtain power from subsurface energy. It 
must be concluded that the feasibility of 
obtaining power from ocean waves is 
practically limited to their lifting power, 
but, in any event, the power available per 
foot of shore line will depend upon 
peculiarities of the location and weather 
conditions. 
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The Best Standard Voltage and 


Frequency for Three Phase 
Turbo Alternators 


By L. P. CRECELIUS 


The present tendency toward 
creasing the speeds of turbines for the 
dual purpose’ of better steam economy 
and lower cost, requires of a relatively 
small amount of iron and copper a large 
kilowatt capacity, because the high speed 
demands a reduction in diameter of the 
elemental revolving parts. Therefore, 
designers find it difficult to provide the 
recessary space in large generators for 
high-voltage insulation, and this situation 
becomes more and more acute with the 
increased capacities now demanded and 
has brought up the suggestion from 
builders to limit the voltage of large 
generators to 6600 volts and to use step- 
up transformers. 

The first step in analyzing this ques- 
tion is to determine the most economical 
and satisfactory transmission voltage for 
general utility on power-consuming sys- 
tems which are so situated as to require 
the power plant located within 50,000 
feet of the substations. Included in 


this class are those systems supplying - 


centers of population of 200,000 or over 
in which it is not only desirable but 
advantageous to generate directly the 
transmission voltage. Excluded from 
this classification, obviously, are those 
systems depending upon a power supply 
so remote from the substations as to 
require transmission voltages higher 
than are ordinarily considered safe for 
underground transmission. In the latter 
case it is only necessary to determine 
the most economical transmission volt- 
age, then to select the generators of the 
voltage corresponding to lowest cost, be- 


‘cause step-up transformers must neces- 


sarily be supplied to take care of the 
difference in voltage between the two. 
In the systems included in the first 
case, the average length of transmission 
cables is less than 30,000 feet and none 
averages more than 50,000 feet in 
length, although in a few cases a small 
amount of power is transmitted over 
greater distances. Accordingly, the ac- 
companying tables have‘ been prepared 
to determine the most satisfactory stand- 
ard transmission voltage. In arriving at 
the relative costs, the cost of three con- 


*From a paper read at the meeting of the 
American Electric Railway Engineering As- 


sociation, October 9 to 13, 1911 
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ductor, paper-insulated cables has been 
used, based on 5 per cent. energy loss, 
unity factory power, and 30 degrees 
(Centigrade) rise in temperature, cor- 
rected to comprise the nearest commer- 
cial size, and due allowance has been 
made for spare cables and conduits. 
For comparison the usual and standard 
generator voltages have been used. 

These figures indicate that 11,000 
volts is the most satisfactory standard 
transmission voltage for most power- 
consuming systems’ requiring large 
steam turbo-alternators. The small gain 
in cost noted in favor of 13,200 volts 
does not seem to be enough to justify 
its use solely from the standpoint of 
economy or cost of the transmission sys- 
tem. 

Having established the proper trans- 
mission voltage, it becomes necessary to 
determine the voltage of the generators, 
and considerations of simplicity and 
economy demand that it be the same 
as the line voltage if possible.. To 
eliminate damage from _ short-circuits 
and to improve the stability of the sys- 
tem as a whole, operators are now seri- 
ously considering the introduction of 
some form of reactance between the 
generators and the distributing cables. 
It has been suggested that this protec- 
tion would be secured by voltage com- 
pensators designed to include the neces- 
sary reactance, and within reasonable 
limits this is possible; also, that the 
generator windings consequently would 
not be subjected to potential stresses 
caused by line disturbances. However, 
this offers no protection in case of in- 
ternal trouble in the transformer. On 
the whole it does not seem desirable to 
add voltage-changing transformers for 
the purpose of introducing more reac- 
tance to the circuit. 

The proper protection can be best se- 
cured by connecting the necessary cur- 
rent-limiting reactances (with nonmag- 
netic cores) between the generator and 
busbars and this reactance should have 
a value of approximately 6 per cent. 


The consideration of cost has a de- 
cided influence on limiting the voltage 
of large  turbo-alternators directly 
coupled to turbines, while the engineer- 
ing features involved in considerations 
of the efficiency of the steam end at 
speeds required for 25-cycle work con- 
Stitute the limits between which the de- 
velopment of large directly coupled 
turbo-generators at 11,000 volts must 
stop. 

In the reaction type of turbine the 
difficulty caused by the effect of the 
weight of the rotating member in deflect- 
ing the long shaft required for slow- 
speed machines has been largely over- 
come by substituting a short impulse 
section in the revolving element for the 
longest and least efficient section con- 
taining principally the small blading. 


RELATIVE COST OF TRANSMISSION 
SYSTEMS UNDER DIFFERENT 


CONDITIONS 
Relative Cost 
of Transmis- 
Distance from sion System, 
Generating Including 
Station to Transmission Cables and 
Substations Voltage Conduits 
6,600 126% 
20.000 164). 11,000 100%; 
20,000 ...... 13,200 103% 
Tt. ......] 13.200 100% 
40,000 ft.......| 6,600 161% 
40,0001); 9,000 117% 
40.000 Tt. .....<.1 11,000 103% 
40,000 ft........) 13,200 100% 
50,000 ft.......| 6,600 186% 
50,000 ft. ..... 11,000 104% 
50,000 iui] 13,200 100°; 


Another change was made by dividing 
the flow of the steam and directing it in 
opposite directions from the point of in- 
troduction, which eliminates the neces- 
sity of some of the dummy pistons re- 
quired to balance the end thrust, thus 
substantially decreasing the weight of, 
the revolving element. In the impulse 
type of turbine large diameters. required 
by slow speeds have been successfully 
used in a design permitting the use of a 
long shaft operating vertically, the 
weight being taken up by a step bearing. 

In reference to frequency, little can 
be said in this report which would in 
any way affect the situation as it now 
stands relative to this question. For 
purely railway work the use of 25-cycle 
rotary converters is decidedly preferable 
and outweighs every other consideration. 
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In fact, large lighting and power com- 
panies have found the frequency of 25 
cycles most advantageous and, therefore, 
consideration of the specific advantage 
resulting from the use of a higher or 
lower frequency is entirely immaterial. 

The use of a three-phase star-con- 
nected 11,000-volt 25-cycle generating 
system, with grounded neutral, seems 
particularly advantageous for conditions 
existing in the average American city of 
over 200,000 inhabitants where the 
power is generated by means of steam 
turbines, and it is a debatable question 
whether this does not constitute one of 
the principal limitations of large turbo- 
generators. 


Induction Motor ‘Troubles 
By H. M. NICHOLS 


The failure of an induction motor to 
operate properly may be due to troubles 
occurring either outside or inside of the 
motor. 

Of the first class, troubles occurring 
most commonly are incorrect frequency 
or voltage, wrong connections, overload, 
broken leads or blown fuses. The two 
latter might occur in unsuspected places, 
such as inside of the compensator or the 
motor frame. 

Low voltage is the most frequent ex- 
ternal source of trouble. This may be 
due to any of several causes, such as 
too small a transformer, too small wires 
leading from the transformer to the 
motor, or low voltage at the transformer 
primary terminals. In testing for low 
voltage, measure the voltage at the motor 
terminals as soon as the motor is thrown 
on the line; although the no-load voltage 
may be all right, when the motor is 
thrown on the line the heavy starting cur- 
rent taken may pull the voltage down too 
low if there is not carrying capacity 
enough in the transformer windings and 
the line. In considering the sizes of 
transformers and lines for induction 
motors, allowance must be made for the 
excess in starting current as compared 
with the running current. In some makes 
of single-phase motors the starting cur- 
rent will exceed the .running current by 
as much as 200 per cent. 

The troubles that occur within induc- 
tion motors are more numerous than the 
external troubles, but they are not as 
likely to develop as the latter. The most 
common of the internal troubles are 
faulty insulation, uneven air gap due to 
springing of the shaft or shifting of the 
motor bearings or to excessive wear in 
the bearings, which allows the rotor to 
run closer to the lower half of the stator. 

Loose laminations may cause the motor 
to give out a disagreeable hum. To test 
for this, try pushing the blade of a pocket 
knife between the laminations. 

Vibration may be due to a sprung shaft, 
unbalanced magnetic pull caused by an 
uneven air gap, or eccentricity of the 
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rotor; in the case of direct-connected ma- 
chinery the vibration may be transmitted 
from the driven machine to the motor. 

If a wound-rotor machine refuses to 
start, the rotor may be open-circuited. 
This can be distinguished from blown 
fuses and open circuits in the stator or 
leads by connecting an ammeter in the 
line; if it shows current flowing in each 
of the phases, the trouble is in the rotor. 
If there were open circuits in the stator 
or one in one of the leads, no current 
would flow in the affected lead. 

In a three-phase motor if one phase of 
the rotor winding is open-circuited when 
the motor is running light, the currents 
in the three main leads will be nearly 
balanced, but if the rotor is held sta- 
tionary and a voltage of about 25 per 
cent. of the normal is applied, an un- 
balancing of the currents taken in the 
three stator leads will be observed. The 
amount of this unbalancing will depend 
on the exact position of the rotor. It will 
also be noticed that when starting the 
motor it has a decided tendency to re- 
main at one-half the rated speed. 

If one phase of the stator is open-cir- 
cuited in a Y-connected three-phase 
motor, the motor will not start by itself 
and if started mechanically it will operate 
as a single-phase motor, with a pro- 
nounced lack of power. Current read- 
ings can be obtained in only two of the 
three-phase leads. If the motor is delta- 
connected, currents will flow in all three 
leads but they will be unbalanced. 

A short-circuited coil in the stator will 
cause it to buzz and hum, and if the 
motor is run for any length of time the 
coil will overheat and smoke. 

If one phase of the stator winding is 
reversed, the motor will probably refuse 
to start under a load, because the torque 
will be reduced to about one-third what 
it should be, and, when the motor is run- 
ning, the currents in the three leads will 
be badly out of balance. 

Motors requiring extra resistance in 
the rotor circuit for starting will not start 
with all of this resistance cut out of the 
circuit. 


Direct Current Turbo-Gener- 
ators Larger Than 500 
Kilowatts Capacity 
By R. A. DYER 


Information on this subject was re- 
quested of the various electric companies, 
and the reply of the Westinghouse Elec- 
tric and Manufacturing Company covers 
the situation very thoroughly. It is as 
follows: 

This company has constructed a num- 
ber of 500-kilowatt direct-connected 
units operating at 1500 revolutions per 
minute. but has not built any 600-volt 


*Extracts from a paper read before the 
American Electric Railway Engineering As- 
sociation, October 9 to 13, 1911. 
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railway sets of greater capacity, nor ever 
entertained any serious requests for bids 
on the same. According to information 
taken from the technical press, units up 
to 750 or 800 kilowatts at 250 volts, and 
up to 1500 kilowatts at 600 volts have 
been built by European electrical con- 
cerns. The average speeds of such size 
units are in the neighborhood of 1500 
and 1200 revolutions per minute, respec- 
tively. The fact that such machines are 
built, and are running, disposes once for 
all of the question of the pessibility of 
these sizes. On the other hand, the 
small number of such machines in oper- 
ation and the experience of the manu- 
facturers in this country, seem to indicate 
that the demand for them is not great. 
This, again, would indicate that there is 
no particular improvement over slow- 
speed apparatus in one or more of the 
essential features, that is, price, floor 
space, economy and maintenance. 

There are several difficulties in the 
way of building direct-current units of 
large size. It is essential that carbon 
brushes be used on all direct-current ma- 
chines, and experience has shown that 
the limiting commutator speed for car- 
bon brushes is in the neighborhood of 
6000 to 7000 feet per minute. This at 
once fixes the outside diameter of the 
commutator for a generator for any given 
running speed. The radiating surface of 
any commutator fixes the current-carry- 
ing capacity. With the best grade of 
carbon brushes and a peripheral speed 
of from 6000 to 7000 feet a minute it is 
known that about 1'4 amperes per 
square inch of commutator surface is 
about the safe upper limit. To show 
briefly how this works out, consider the 
case of a 750-kilowatt, 250-volt machine 
at about 1500 revolutions per minute 
with 6000 feet per minute peripheral 
commutator speed. The periphery of the 
commutator would be four feet and at 
1% amperes per square inch of surface, 
it could handle 60 amperes total per inch 
of commutator length. For 3000 am- 
peres, the machine would require two 
commutators, each 25 inches in length 
on its working face, or from 30 to 35 
inches in over-all length; therefore, the 
distance taken up along the shaft for 
the commutators alone would be six feet 
approximately. 

Adding the armature core and its con- 
nections, a distance of 10 feet 6 inches 
to 11 feet would be necessary from cen- 
ter line to center line of the bearings. 
The commutator diameter would be ap- 
proximately 15 inches, and it is evident 
that the shaft could not be made more 
than 101% to 11 inches in diameter. With 
the center distance fixed, this size of 
shaft would be probably too weak for 
safe operation and it would undoubtedly 
be necessary to increase the commutator 
speed to 7000 feet per minute. 

The above shows that we are very 
near the limiting figures in every par- 
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ticular in order to obtain a speed of 
1500 revolutions per minute for a 750- 
kilowatt direct-current generator at 250 
volts. The speed of 1500 revolutions 
per minute is not high enough, however, 
to give the most desirable working con- 
ditions in the turbine, from the stand- 
point of steam economy. Such a unit 
is, therefore, a compromise at both ends. 
The speed is higher than is desired for 
the generator, giving increased friction 
and windage losses and reducing the ef- 
ficiency somewhat, and also increasing 
the cost, while a cheaper and more ef- 
ficient steam end could be built if oper- 
ated at a higher speed. There is no 
doubt that direct-current turbo-gener- 
ators of larger capacity than 500 kilo- 
watt can be built. How much larger 
capacity depends upon the voltage at 
which they are to be built; 3000 amperes 
is in general about as large a current as 
it has been attempted to handle. 
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Using a Direct Current Ma- 
chine as a Generator or 
as a Motor 


Mr. C. C. Hoke’s switching arrange- 
ment described in the August 15 number 
of PowER is used to a considerable ex- 
tent for starting alternating to direct-cur- 
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rent motor-generator sets and rotary con- 
verters from the direct-current end, in or- 
der to avoid the line disturbances due to 
the heavy current required for alternat- 
ing-current starting. The connections 
usually are considerably simplified as 
compared with those given by Mr. Hoke, 
and only one panel is used, with the 
connections arranged as indicated in the 
diagram, Fig. 1. 

It will be noticed that three single-pole 
switches are used instead of a three-pole 
switch. A double-throw switch would be 
required if a three-pole switch were used, 
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and if it is desired to change an existing 
panel so that a generator can be properly 
connected as a motor, it will probably be 
cheaper to add the three additional con- 
tact jaws than to buy new single-pole 
blades and handles to replace the old 
blades and cross-bar. It is usual to use a 
multi-point starting switch and separate 
resistance, except occasionally for capac- 
ities below 100 amperes, when the stand- 
ard starting rheostat is used. 

The generator connections are made by 
closing the circuit-breaker and _ three 
single-pole switches, when the machine is 
at the proper voltage; the starting switch 
is left open. The connections for using 
the generator as a motor are made by 
closing the circuit-breaker and switch in 
the negative lead, and then cutting out 
the resistance, step by step, with the 
starting switch. The switches in the posi- 
tive and equalizer leads are left open. 

Fig. 2 shows the difference in con- 
nections when using three single-pole 
switches, as just described, and a three- 
pole double-throw switch. 

The ammeter, if of the permanent mag- 
net type, should be made double reading, 
with the zero point in the center of the 
scale, because the needle will deflect one 
way when the machine is used as a gen- 
erator and in the opposite direction when 
it is used as a motor. 

If used as a motor frequently, and it is 
desired to have protection in case the 
power goes off the busbars, a low-voltage 
release attachment can be used in con- 
nection with the circuit-breaker. 

As equalizer leads are frequently in- 
stalled of smaller capacity than the posi- 
g 
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tive and negative leads, it will be well to 
see that they are of sufficient capacity if 
a change is made. 

If the intention is to make a temporary 
installation to take care of some emer- 
gency condition, the change can very read- 
ily be made by using the connections as 
given by Mr. Hoke. This will not make 


necessary any change in the switchboard 
apparatus and will therefore avoid spoil- 
ing the appearance of the panel. 

The two methods of connection given 
are but few of the many combinations 
that are frequently of value in various 
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installations. For machines of large ca- 
pacity, one arrangement permits the use 
of a starting switch of one-fourth to one- 
third the ampere rating of the motor, the 
switch being short-circuited after the mo- 
tor is up to speed. 
A. L. HARVEY. 
Wilkinsburg, Penn. 


A Reversal of Polarity 


One Monday morning, on being called 
to the nickel-plating room to investigate 
some trouble, I found that the current 
in the tanks was flowing in the wrong 
direction. It was plain that the polarity 
had reversed and as the 6-volt generator 
which supplied the current was separate- 
ty excited from the 110-volt lighting cir- 
cuit, I remedied the trouble by simply 
exchanging the leads to the field-magnet 
coils. 

Our factory occupies three buildings 
and the power equipment consists of two 
Edison machines of 60 and 25 kilowatts 
respectively, belted to a Corliss engine, 
and one 50-kilowatt direct-connected gen- 
erator. The Edison machines carry the 
load of two buildings, in one of which the 
nickel-plating room is situated, the other 
generator taking care of the third build- 
ing. A switch is provided on the panel 
board by means of which the whole load 
may be thrown on either pair of busbars; 
this is used in an emergency, should any 
of the generators break down. On the 
day before, some repairs had been made 
to a line shaft in the building where the 
nickel-plating room is situated which ne- 
cessitated the use of lights, and the en- 
gineer had found it expedient to run 
the 50-kilowatt direct-connected gener- 
ator, using the emergency switch to con- 
vey the current to the busbars of the 
other building. 

Having drawn my _ conclusions, I 
pumped the engineer until he admitted 
having forgotten to pull the main switch 
of the 60-kilowatt Edison machine, which 
caused the current generated in the 
direct-connected machine to flow back- 
ward through the field-magnet coils of the 
belted one, reversing its pelarity. The 
armatures were not injured because our 
practice is to lift the brushes off the com- 
mutator at every shutdown, and that had 
been done on the belted machine. Of 
course, the “problem” turned out to be 
no problem at all, but it kept me puzzled 
for some time. 

R. DupRE. 

New York. 


In the demolition of an old gasometer 
in Hamburg, Germany, built about 1852, 
the iron anchor bolts encased in cement 
concrete were found to be as fresh and 
bright as new iron, and having no traces 
of rust. This is an attestation of the 
preservative qualities of concrete and 
is a remarkable record. 
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A Producer Gas Canal Livery hing 
Tugboat worth while in the gas 
engine and producer 
any attempts have been made to dis- . e 

lodge the ancient and more or less honor- industry will be treated 

able mule from the one job in which he here in a way that can 

has seemed to be impregnable—that of be of use to practi- 


towing canal boats. Even the flexible 
and potent aid of electricity, in many 
modes of application, has been invoked 
vainly. The mule has continued to enjoy 
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Fic. 1. PrRODUCER-GAS TUGBOAT 


his tranquil supremacy as a canal-boat 
prime mover. 

Within the past four months, however, 
a serious dent has been made in mule- 


is a tugboat propelled by producer-gas 
power. 

Fig. 1, giving a broadside view, indi- 
cates the simplicity of the outfit by the 


gives an idea of the arrangement of the 
power plant within the hull. The boat is 
41% feet long, overall, feet beam 
and floats 5% feet above water, over the 
engine-room ventilating hatches; the 
draft is 44 feet. 

The power equipment comprises a 
four-cylinder vertical engine with cylin- 
ders 8'2x12 inches each, working on the 
four-stroke cycle; a gas generator 54 
inches in diameter (outside), a _hori- 
zontal wet scrubber, a dry purifier and a 
water-circulating pump. The generator 
is of the simple updraft type, with a 
vaporizing “pan” in the top, as shown 
in Fig. 5, and the wet scrubber is built 
with vertical baffles and is filled with 
coke; see Fig. 6. The fuel is anthracite 
pea and the engine develops 65 horse- 
power at 300 revolutions per minute, 
using the gas made from this fuel. 

Coal is carried in a little bunker near 
the bow of the boat and the generator is 
charged and poked from the deck. The 
coal bunker and the charging hopper 
of the generator may be seen in Fig. 1. 
When this picture was taken the attendant 
was in the act of poking down the fuel 
bed. 

There is nothing radical in the design 
of the apparatus; the horizontal disposi- 
tion of the wet scrubber is the only im- 
portant departure from established prac- 
tice in stationary plants. The engine is 
connected to the propeller shaft through 
a clutch and reversing-gear transmission, 
but the gear is used only to reverse the 
propeller; speed changes are obtained by 
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Fic. 2. GAS-POWER TUG IN SERVICE 


power monopoly by the unassuming, even absence of stacks or other evidences of 
commonplace-looking, craft illustrated machinery; Figs. 2 and 3 show the 
by the accompanying engravings; this “critter” in actual service and Fig. 4 


Fic. 3. 


throttling the engine. On the occasion 
illustrated by the photographs, when the 
writer was on board, the engine was re- 
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peatedly throttled down to about 100 which is capable of winding in 100 feet | 


revolutions per minute. An ordinary fly- 
ball governor, arranged exactly as in sta- 
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Fic. 5. THE GENERATOR 


tionary practice, is provided to take care 
of the speed when the clutch is thrown 
out. 

The water for the engine jackets and 
the producer is supplied by a four-cylin- 
der pump driven from the engine shaft 
by bevel gears. The pump cylinders are 
3x3 inches and the speed is one-fourth 
the engine speed. There is also a small 
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of line a minute. 
Two of these tugs have been in regu- 
lar service since May 30 on the Lehigh 
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Malleable Iron Company, and built by 
the Salisbury (Md.) Marine Construc- 
tion Company. Both of the boats made 
the trip from the shipyard to Bristol un- 
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Fic. 6. THE WET SCRUBBER 


canal between New Hope and Bristol, 
Penn., a distance of 26 miles. Each tug 
hauls four or five 100-ton barges over 
the route at a speed of about 4 miles an 
hour and consumes 56 pounds of pea 
coal per hour. The “schedule” time for 
the round trip of a single barge towed by 
two mules is about a week. © 

The tug equipment was designed by 
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der their own power and pulled through 
some rather heavy weather in Chesapeake 
bay with no operating difficulty. 


A locomotive of 1000 horsepower driven 
by a Diesel engine has just been set to 
work on the Prussian State Railways. 
The drive is direct to the axles and the 
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Fic. 4. SHOWING THE ARRANGEMENT OF THE POWER PLANT 


air pump which maintains the pressure 
in two tanks containing compressed air 
for starting the engine, and a power 
winch, driven by a Morse silent chain, 


Wilhelm R. Hiittinger and was built by 
the Trenton Malleable Iron Company. 
The boat was designed by W. H. Walton, 
of the gas-power department of the 


IN THE HULL 


outward appearance is similar to that of 
an electric locomotive. Nearly $60,000 
have been spent in experimenting with 
this engine. 
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Important Engine Tests 


Most engineers admit the importance 
of tight valves and pistons when economy 
is desired, but they neglect to make the 
few simple tests of ascertaining the real 
conditions. 

The engines may be indicated regular- 
ly, the plant run in a supposedly intelli- 
gent manner, all of the recording de- 
vices carefully watched and yet the op- 
erating costs mount up. The owners call 
in a specialist and he traces the trouble 
to the engines and finds them leaking 
badly; he discovers a situation of which 
the engineer should have been cognizant. 

Engineers should make these tests at 
least once a month. An engine piston 
may be tested for tightness by placing 
the crank at either dead centef, the valve 
gear remaining hooked in. As the en- 
gine cannot move off its center, the throt- 
tle may be opened wide, and the head of 
the valve will admit steam behind the 
piston into the clearance space. To prove 
that steam is there, merely open the in- 
dicator valve at that end of the cylinder. 
Then close this indicator cock and open 
the one at the opposite end of the cyl- 
inder. If steam appears at this end it 
must have passed the piston and there- 
fore proves a leakage. As this is a very 
severe test, a gentle flow of steam should 
not be considered seriously, but should 
a strong head be emitted it is positive 
proof of a leaky piston. 

The remedy is to set out the piston 
rings or renew them. For bad cases, re- 
boring the cylinder and fitting it with new 
piston rings may be necessary. 

To test admission valves for tightness, 
unhook the valve gear and place the ad- 
mission valves so as to cover the steam 
Ports at both ends of the cylinder. This 
will prevent steam from getting into the 
cylinder if the valves are perfectly tight. 
Either indicator connection will show 
whether the foregoing condition obtains. 
This test does not require that the piston 
should be on a dead center; it may be 
made at any point in the stroke. There- 
fore, the tests can be made at any time 
when the engine is not in operation and 
should be made weekly. 

When testing the exhaust valves, place 
each valve so that it will cover the 
Port on the end of the cylinder be- 
ing tested and then admit a full head of 
Steam into the cylinder. If any steam 
appears in the atmospheric exhaust, the 
valves are leaky. This test can also be 
made in a few minutes at any shutdown. 
Any operating engineer can make the 
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foregoing tests without rendering the en- 
gine inoperative for more than a few 
minutes. As valves and pistons must 
necessarily wear and become leaky in 
continuous operation, these trials of en- 
gine valves and pistons for tightness 
should always supplement the other im- 
portant engine-room tests 
CHARLES THOMAS. 
Jersey City, N. J. 


Temporary Valve Repair 


The accompanying sketch shows how 
a disabled valve was made to do tem- 
porary service. One morning the watch- 
man informed me that one of the valves 
in the boiler-feed line would not close, 
and, as a conséquence, he had to blow 
down the boiler several times in order to 
maintain a proper water level. 


Valve Stem. 

— 


How THE VALVE Was Mabe TO WorK 


I examined the valve and found that 
the thread in the valve stem was so 
worn that the stem would not hold the 
valve disk to its seat. I obtained a 
piece of %<-inch round iron and bent it 
as shown in the sketch. It was sawed 


lengthwise about one-half its length and 


the end was spread wide enough to fit 
on over the valve bonnet back of the 
stuffing nut. The valve wheel was re- 
moved and the point of the threaded 
screw was seated in the end of the 
valve stem. As the screw fitted in a 
tapped hole in the outer end of the clamp 
I could close the valve at any pressure 
by turning the screw and the pump pres- 
sure would open the valve when the 
screw was backed out. 
H. B. WARBER. 
Providence, R. I. 


Loose Bushing Caused Pound 


A cross-compound vertical engine di- 
rect-connected to a 500-kilowatt, alternat- 
ing-current generator developed a bad 
pound which was hard to locate, and the 
“doctor” came from the shops to see 
where the pound was. He stayed three 
days, set the valves and finally said that 
the high-pressure crank disk was loose 
on the shaft. 

We bored a 1-inch hole 6 inches deep 
in the center of the shaft, heated the 
shaft and drove a pin into the hole. This 
tightened the crank disk but did not stop 
the pound. 

The chief said that the high-pressure 
cylinder had been rebored and I sug- 
gested that a possible cause for the 
pound was a loose bushing. 

The cylinder head was removed and 
it was found that the bushing had 
sheared the 34-inch dowel pin and was 
working with the piston; a ye-inch space 
was also found between the head and 
the bushing. The head of the cylinder 
was turned down even with the bushing, 
and eight 7-inch holes were drilled and 
tapped throughout the walls of the cyl- 
inder and bushing, four at the top and 
four at the bottom, and pins screwed in 
them. This removed the cause of the 
pound. 

B. BROWNE. 

Waterford, Conn. 


Experience with a Cut Cyl- 
inder 


A new cross-compound, horizontal con- 
densing engine, having a 48-inch low- 
pressure cylinder, was recently installed. 
The engine was to run at a piston speed 
of 800 feet per minute, and great care 
was exercised when starting up and a 
large amount of cylinder oil of good 
quality was used. 

In a few days it was noticed that the 
cylinder and junk ring were cutting. Upon 
examination it was found that the cylin- 
der had a number of ugly looking 
scratches in the botom side and that the 
junk ring was correspondingly scored. 

Not caring to try to operate it further 
in this condition, a portable boring bar 
was rigged up and the cylinder was bored 
out sufficiently large to remove the 
scratches, making the cylinder % inch 
larger in diameter than it was before. A 
new junk ring and packing rings to fit 
the rebored cylinder were made. Taking 
pains to see that all foreign particles 
were removed from the cylinder and 
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steam passages, an abundance of cylin- 
der oil was supplied and the engine 
started for the second time. In a day or 
two about the same kind and depth of 
scratches appeared. 

The cylinder was again rebored, mak- 
ing it % inch larger than the original 
size and new packing rings were made to 
fit the cylinder. The damaged junk ring 
was taken out, turned down ™% inch 
smaller than the cylinder and some ir- 
regular shaped grooves were cut in it 
while it was in the lathe. 
good babbitt metal was cast on the junk 
ring, and turned to fit the cylinder. 

The engine was put together and as it 
has been kept going without any diffi- 
culty for some time it begins to look as if 
a good job had been made of it and that 
the cause of the trouble has been re- 
moved. 

ALMON EMRrRIE. 

Chicago, III. 


Low Pressure Cylinder Lu- 


bricator 


A great deal of trouble was experi- 
enced in lubricating the low-pressure cyl- 
inder of a large cross-compound Corliss 
engine driving a street-railway generator. 
Various grades of oils and many dif- 
ferent methods of admitting it to the cyl- 
inder were tried. The engine, however, 
could only be operated with any degree 
of success by feeding an _ excessive 
amount of oil, the quality and method 
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Low Pressure Cylinder 


LUBRICATOR FOR LOW-PRESSURE CYLINDER 


of admitting the oil to the cylinder ap- 
parently making little difference in its 
operation. 

The chief engineer finally hit upon the 
method shown in the illustration. This 
consists of a tee fitted with a nozzle sim- 
ilar to that of an injector, the side out- 
let of the tee being connected to the oil 
tank through the sight-feed glass. A small 
amicunt of live steam only is necessary 
to completely atomize the oil which is 
blown into the entering steam coming 
from the receiver, completely saturating 
it before it reaches the low-pressure 
steam chest. 

The sight-feed attachment was taken 
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from an old lubricator, and all other parts 
were picked up in the junk pile, making 
the cost of the complete outfit very small. 
Since this was applied the lubrication of 
the low-pressure cylinder has been per- 
fect, with a minimum consumption of oil. 
KIRLIN. 
New York City. 


Milling BafHle Plates 


An easy way to overcome the bulging 
of the baffle plate on the inside of a 
furnace door is to run a milling cutter 
through the middle of the plate, cutting 
it as shown in the accompanying sketch. 
These slots are each about 3/16 inch 
wide, and allow for the expansion of 
the plate; they do not reduce its effi- 
ciency materially. 

The usefulness of most of these plates 
in my case was formerly limited to a 
period of not more than three months. 
With the changes made in them as noted 
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above, this period has been more than 
doubled. Some of the plates which were 
put in seven months ago are now doing 
duty and are in good condition. 
GeorGE READ, Jr. 
Newark, N. J. 


Engineer’s Reference Book 


I am anxious to develop an engineering 
reference book for my own personal use 
and I would like to get a few ideas on 
how best to go about it. From time to 
time I run across facts which are worth 
recording for future use. For instance, 
I may hear of a particularly high boiler 
efficiency. I would like to preserve some 
information as to how -that efficiency 
was obtained, when and where. Again, 
I may read of some new type of engine 
showing high economy. Then, there are 
many items such as the characteristics 
and the heat value of the various kinds 
and grades of fuel; also, numerous for- 
mulas which should be recorded in such 
manner and shape as to be quickly avail- 
able. 

The book should be, I think, of such 
size that it may be carried easily in the 
coat pocket and it must be of the loose- 
leaf variety so that it may be revised and 
enlarged with facility. 
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The chief problem seems to me to be 
in arranging the contents and indexing 
it so as to be able to find what one is 
looking for with the least loss of time. 

PHIL LIGHTE. 

Brooklyn, N. Y. 


Steam Ejector 


The accompanying sketch is of a home- 
made ejector that I have found very use- 
ful. In a certain plant some of the 
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DESIGN OF STEAM EJECTOR 


water pipes would invariably freeze and 
burst, and cause needless expense. 

I did not use steam to blow out the 
lead water pipes, but rigged up the de- 
vice shown. The steam jet created a 
vacuum in the lines and the water was 
drawn from them. 

H. Prew. 

Montreal, Can. 


Taper Piston Fit 


Some engine builders take extreme 
pains to set the piston tight on the rod. 
The rods are tapered at the end and the 


. piston is pressed on as tight as though 


the job was to stay finished forever. 
There are cases, especially in marine 
practice, where the rod end is riveted 
over so that the piston can be removed 
only after cutting off the battered end of 
the rod. 

Offhand, many would say that a taper 
pin is more easily removed from a hole, 
and that a piston can be easily removed 
from a taper fit. The idea, however, is 
entirely wrong. When a mass of metal 
is forced onto a taper fit, it generally 
bites and stays fast in a most exasperat- 
ing way when one wants to separate the 
parts. For small work this bite can be 
loosened by quickly heating the sur- 
rounding hub or collar and then giving 
it a sharp blow. For large pistons heat- 
ing is not practical. 

One prominent engine builder has 
never used the tapered hole in piston con- 
struction; he makes the hole in the pis- 
ton straight and the rod end enters with 
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an easy, sliding fit—just tight enough 
not to wabble. The rod end is turned 
down so as to form a %-inch shoulder 
for the piston to bed against, and a sin- 
gle large nut holds it on. A setscrew in 
the nut prevents it from working loose. 
This construction made it possible to 
easily remove the piston; in every way 
this method of fitting seems admirable. 

F. W. BrRapy. 

Scranton, Penn. 


Shortening Belts in Damp 
Weather 


While employed as chief engineer in a 
large cotton mill in the South, the gen- 
eral manager informed me that he had 
ordered the millwright and his assistant 
to put in a week taking up all of the 
belts in the mill, the main driving belt 
along with the rest, although there was 
but one or two belts which needed tak- 
ing up, and very little would do. 

All the belts were doing good work. 
Not one was. slipping, although all 
sagged a little, owing to three weeks of 
rainy weather. I tried to show that there 
was less friction on the shafting bearings 
and that the belts would do better work 
running a little slack than when too 
tight. 

He did not like to see them sag, as it 
looked bad to visitors from the other 
mills who came in to see us quite often. 
I tried to induce him to wait until the 
weather cleared and the belts dried out 
before taking them up for then he could 
tell just how much each would stand. 
But he would not hear of waiting and 
gave the millwright orders to start on 
the belts the next morning, and take out 
what he thought they would stand. 

The bad weather continued during the 
two weeks’ shutdown, but cleared the 
day before the mill started up. 

The millwright, by the way, was no 
mechanic, merely a laborer who had 
helped the millwright before him and 
got his job when he left. He cut out 
from 6 to 10 inches out of each belt, 
or until each was as tight as he could 
get it. When I started up, the fun be- 
gan. The engine had run but a short 
time when both main bearings went hot. 
The manager would not have the engine 
stopped, but turned water on the bear- 
ings and flooded them with oil. He said 
that he never had to shut down for a 
hot bearing and he was not going to have 
me begin; it was carelessness on my 
part in not seeing that they were prop- 
erly oiled before starting up, or they 
would not run hot so quickly, and that 
it was no fault of the belt. 

He left the engine room to go to his 
office, and had only been gone a short 
time when he came running back, yelling 
at the top of his voice to stop the en- 
cine. I had the throttle only half closed 
when the engine stopped with a groan. 
The boxes on the main driving shaft had 
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melted out and hot metal was scattered 
over the floor; the main bearing on the 
engine stuck fast, one 10-inch belt broke 
and several others ran off the pulleys; 
and all of the boxes on the main line 
shaft, excepting one, had burned out the 
babbitt. The owner of the mill chanced 
to pay us a visit a few minutes after 
the engine stopped and promptly fired 
the manager and hired a practical man 
in his place. 

He put me in full charge of the ma- 
chinery and all of the men connected 
with its care. I hired a first-class mill- 
wright and kept the other as a helper. 
It took three and a half days’ work in 
rebabbiting the boxes and letting out and 
splicing the belts before the mill could 
be run again. 

I have made it a rule that if I have a 
belt to shorten, I will do it in dry weather 
if possible. Then they are dry and not 
stretched out to their full length. 

W. V. Foro. 

Norwich, Conn. 


Machinery Guard 


The accompanying sketch shows how 
a guard may be made to go around ma- 
chinery. The posts are ef 134x4-inch 
dressed pins. The side strips are 3,°3 
inches and are of the same material. For 
a 6-foot wheel the frame is made 6 feet 
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flattened ends for %4x2'%-inch carriage 
bolts to secure them to the frames. After 
the frames are made they should be 
painted to match the color of the engine 
and, when dry, cover them with steel-wire 
fencing 48 inches wide. I use a fencing 
having a mesh of 2x4-inch of No. 12 
wire, which can be purchased of any 
dealer in fencing. 

In case of any work on the machinery 
the frames can be moved out of the way, 
and there are no projections on the floor 
to be stumbled over. 

J. P. CoLTon. 

Ohio City, O. 


Graphite Reduces Oil Con- 
sumption 


In a steam plant where there were a 
number of vertical boilers, considerable 
trouble was experienced from leaky 
tubes and opening of the seams. 

Investigation showed that practically 
all of the internal surfaces of the bci'ers 
were coated with deposits of cylir 
oil and scale. The ioad upon the engine 
had been gradually increased until the 
limit had been reached, and the engineer 
found that to give this cylinder the proper 
lubrication no iess than ™% gallon of the, 
best cylinder oil must be used. The sug- 
gestion that graphite be used as a means 
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long, 4 feet 4 inches high, and the lower 
side strip is set into the posts 8 inches 
from its lower edge to the floor. The 
top strip is fastened to the top of the 
posts as shown. 

For the floor irons use 11-inch pipe, 
cut to the desired length, and after drill- 
ing the concrete floor, set the 1'%4-inch 
pipe sleeves and cement them in place. 
The irons used on the frames are 1-inch 
pipe drawn out flat for about one-half 
their length. Holes are drilled in the 
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of reducing the excessive demand for 
cylinder oil was adopted. It was used 
mixed with the oil in a force-feed lubri- 
cator. As a result, the oil consumption 
has been reduced 50 per cent. 


The oil separator in the exhaust line | 


is now able to handle practically all of 
the oil and there is no more burning of 
tubes and plates in the boilers from be- 
ing coated. 
EDWARD T. BINNS. 
Philadelphia, Penn. 
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Stopped the Leaking Tubes 


There are four 72-inch by 16-foot 
fire-tube boilers in the plant where I am 
employed. Shortly after the boilers were 
installed the lower tubes next to the shell 
began leaking. They were rolled so 
often and got so thin that it was impos- 
sible to keep them tight, and new ones 
had to be put in. 

As the otheg tubes did not leak, some- 
thing was wrong. The sides of the tubes 
next to the shell were only 1% inches 
from it, and this was thought to cause 
the trouble; they prevented proper cir- 
culation of the water, and the tubes be- 
came overheated and expanded unequal- 
ly. 

Having consulted other engineers and 
two boiler inspectors, I took out the bot- 
tom outside tubes and put stub tubes in 
their places. They were made by taking 
tubes of the proper size and about 2 feet 


long and welding one end. The welded end’ 


was put in the boiler and the other end 
was expanded in the tube sheet just as 
though it were a new tube. I have had 
no further trouble with leaky tubes. 
E. V. CHAPMAN. 
Decatur, III. 


Wire in Sight Glass 


I always had considerable trouble in 
keeping lubricator sight-feed glasses 
clean, caused usually by opening the 
feed valve before enough water had ac- 
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WirE IN SIGHT GLAss 


cumulated under the oil to give it a 
steady feed. 

The accompanying sketch shows an 
idea I am now using. I inserted a small 
brass wire A, bent as shown, and al- 
lowed it to project about 34 inch above 
the top of the feed nozzle. The drop 
will always travel to the top of the wire 
and never hangs over the sides of the 
nozzle. 

EDWARD SOBOLEWSKI. 

Cincinnati, O. 
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Cooling a Hot Crank Pin 


I recently succeeded in cooling off an 
obstinate crank pin in the manner shown 
in the accompanying illustration. The 
engine was slowed down to about 70 
revolutions per minute, then the oil cup 
was removed and a piece of %-inch pipe 
about 4 inches long was screwed in its 
place. One end of a length of %-inch 
rubber tubing was slipped over the pipe 


Hose ATTACHED TO CRANK Rob 


and the other end was attached to a 
funnel. By this means the crank pin 
could virtually be given an oil bath and 
the normal temperature was soon re- 
stored. 
E. Hurst. 
Boston, Mass. 


Wedged the Pipe in Place 


The discharge pipe of a steam pump 
stripped the threads and blew out of the 
flange, as at the point A, shown in the 
accompanying illustration. As it would 
have taken a day or more to get the nec- 
essary nipple and flange to repair it, and 
as the pump must be kept running in the 
meantime or the mine would be drowned 
out, I “spragged” or wedged it, as 
shown. 

One of the braces was inserted be- 
tween the pump and the heavy mine 
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How THe Pipe Was HELD IN PLACE 


timbering and wedged snugly, but not 
enough to tilt the pump. After pushing 
the discharge pipe back into the stripped 
flange, another brace was put in place 
and tightly wedged. The wedges were 
then nailed to prevent them from slip- 
ping. 


adjusted. 


October 17, 1911 


Although the joint leaked some, the 
mine was kept free of water until the 
proper repairs were made. 

W. E. BERTRAND. 

Philadelphia, Penn. 


Tank Gage 


Some time ago the company I work for 
erected a new water tank 70 feet high, 
and as the gage was attached to the tank 
it was difficult to tell how much water it 
contained. Therefore I got a piece of 
% and 2 by 17-inch iron and drilled and 
tapped holes for pulleys, studs and wall 
bolts. One pulley was made 7 inches in 
diameter with a 2-inch pulley fastened 
to it. There was also one pulley 6 
inches in diameter with another 2-inch 
pulley fastened to it; another pulley was 


Wire to Tank 


Wire to Boiler Room 


TANK GAGE 


made 6 inches in diameter to which an 
18-inch sheet-iron circle was fastened. 

Two shafts were screwed into the iron 
hanger and the pulleys revolved loosely 
on them. Wire from the tank telltale 
was then wound around the 7-inch pulley 
and a wire was run from the 2-inch pul- 
ley to the 6-inch pulley on the other 
shaft. Another wire ran from the 2-inch 
pulley over the other 6-inch pulley and 
a weight hung to it. This made a reduc- 
ing motion, and by pulling the wire out 
foot by foot the dial can be marked, the 
hand set and then the length of wire 
running to the float gage on the tank 


J. J. WARNER. 
New Comerstown, O. 
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Bleeding Receiver to Heat 
Feed Water 


George M. Peck, in the issue of Septem- 
ber 19, page 445, thinks the article on 
“Bleeding a Receiver” is “misleading” 
because it says that 903 B.t.u. would 
be “available for evaporation” whereas 
the heat necessary to evaporate a pound 
of water at 24 pounds is 953.5. 

Each pound of steam carries into the 
high-pressure cylinder 1194 B.t.u., of 
which 85 are converted into work in that 
cylinder, leaving 1109 B.t.u. to go to the 
receiver at 24 pounds pressure. Since 
the steam was only dry saturated to start 
with, the conversion of some of its heat 
to work will result in condensation. The 
substance which goes into the receiver 
will be a mixture of steam. and water. 
How much will there be of each? 

It will all be at the temperature corre- 
sponding to 24 pounds pressure, so that 
206 of the 1109 B.t.u. would be used up 
in heating it to that temperature. This 
leaves 


1109 — 206 = 903 B.t.u. 


“available” for latent heat or heat of 
evaporation, “available” for keeping the 
water in the form of steam. It takes 
953.5 B.t.u. to evaporate a whole pound 
of water at 24 pounds, and since there 
are only 903 B.t.u. available there will 
be only 

9535" 
of the pound remaining in the evaporated 
condition and 100 — 0.053 of the pound 
will be in the form of water. If cigars 
cost $8 a box and you had only $6 
“available” for the purchase of cigars, 
you could only buy ; = 0.75 of a box 
if you stuck to that brand. If it takes 
953.5 B.t.u. to make a pound of steam 
and you have only 903 B.t.u. to work 
with (that is, available), you can make 
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only h 
y 953-5 of a pound. I thought the 


former article made this clear, but per- 
haps others have, like Mr. Peck, failed 
to grasp the meaning. 

The division of the load equally be- 
tween the cylinders is to secure prac- 
tically equal temperature ranges and thus 
minimum cylinder condensation. When 
the whole amount of steam is allowed 
té work in both cylinders, the amount 
of work done in each is nearly propor- 
tional to the temperature range. It would 
be exactly for the Carnot cycle. When 
“ part of the steam is taken out at the 


Comment, 
criticism, suggestions 
and debate upon various 
articles, letters and edit- 
orials which have ap- 
peared in previous 
issues 


receiver the work done in the second 
cylinder will be proportionately less when 
the conditions of equal temperature range 
are preserved. The thing to do is to 
make the low-pressure cylinder enough 
smaller to keep the work sufficiently 
equally divided for mechanical consider- 
ations with equal temperature ranges. I 
have seen a compound engine run back- 
ward—that is, with the larger cylinder 
connected to the boiler and the smaller 
to the condenser—for the reason that so 
much steam was taken out of the re- 
ceiver that there was only enough left 
to run the smaller cylinder with a proper 
ratio of expansion. 
F. R. L. 
New York City. 


Lifting Water in Boilers 


In the August 8 issue, C. J. Harden 
States that he believes the average 
boiler explosion is due to the rapid evap- 
oration of the water and not to water 
hammer when cutting in a boiler having 
a higher pressure than carried on the 
line. 

I believe that in nine out of ten cases 
of explosions occurring through cutting 
into a line with lower pressure, the acci- 
dent would be due to a combination of 
these conditions. There is a large quan- 
tity of steam liberated from a boiler when 
the pressure is suddenly reduced, but 
there are three paths in most boilers for 
the egress of this excess steam, the 
formation of which is not instantaneous, 
although it is rapid. These paths are the 
two safety valves and the main steam 
main communicating with the other boil- 
ers attached to the line. 

It may be said that these paths would 
be insufficient to carry away all of the 
excess steam, but in many cases of ac- 
cidents with boilers being cut in on a 
line with a lower pressure, with only a 
slight difference of pressure between 
the boiler and the line, these paths woulc! 
be ample. If, however, water hammer 


occurred at the moment of maximum 
pressure in the boiler, due to the sudden 


generation of steam, the extra stress im- 
posed upon the boiler would probably be 
too much for the structure and would 
cause an explosion. The stress due to 
water hammer is, moreover, an impact, 
the effect of which is said to be double 
that of a gradually applied load. 
JOHN S. LEESE. 
Manchester, Eng. 


Further Experiences with 
Managers 


Mr. Case’s letter in the September 5 
issue is a good example of how thick- 
headed and self-important some man- 
agers and superintendents are even when 
the results of their orders come back 
on them. It is only another instance of 
the “powers that be” overruling all things 
that are right because they do not coin- 
cide with their own ideas, and while, as 
Mr. Case says, the owners did not blame 
him, yet such proceedings were very dis- 
couraging, to say the least. 

I recall a similar instance of freezing 
pipes in a small factory which caused 
considerable damage, and if the engi- 
neer’s warning had been heeded it need 
not have happened. 

The mill in question had been operated 
under various managements for many 
years so that each régime had left some 
arrangement of piping or machinery to 
remember it by; as all these appliances 
had fallen into disuse, they did noth- 
ing but occupy valuable space. 

Among them was an arrangement of 
coils of pipe in the chimney so that the 
gases would pass through it and heat 
either the feed water or that used for the 
mill. Not having been used for some 
time, it had fallen into the lower part of 
the chimney where the soot began to ac- 
cumulate upon it. 

When the new engineer inspected the 
chimney, he saw that if not attended to 
in time it must stop up the smoke pass- 
age and cause a shutdown. It being 
warm weather he wished to remove the 
piping and clean out the soot. 

When he stated the case to the man- 
ager, he was told that they could not stop 
now and therefore nothing was done. 
Nothing happened until the latter part 
of the month of November, when the soot 
rose enough to stop the draft, which was 
never very strong, and the fires had to be 
pulled and the cleaning commenced. The 
engineer drained all the pipes in his de- 
partment and wished to drain the 
sprinkler system, but the manager re- 
marked that he guessed that it would 
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not freeze, so the water was allowed to 


remain in it. The work on the chim- 
ney occupied several days, during which 
the weather was very cold. The steam 
had not been through the mill but a 
short time when the water began to break 
out from burst pipes on the ceilings and 
most of them had to be renewed. 

Later, in the same plant, it became nec- 
essary to repair the arch over the large 
door in the boiler room and make:a new 
door. The new frame was put up and 
the brickwork finished while the weather 
was warm, but the door was left until 
some future time. The manager’s atten- 
tion was called to the matter in ample 
time, but nothing was done until one 
morning in December. It was then cold 
enough to freeze the pipes leading to the 
steam gages and one of the boilers, hav- 
ing no fire under it, had its blowoff valve 
burst. Then the superintendent showed 
surprising activity in having a new door 
made and hung. 

In this instance, as with Mr. Case, 
the engineer’s advice was sound; but the 
manager believed his opinion to be on 
such a high plane that no argument could 
be advanced by his subordinate to show 
that he was wrong. All these unneces- 
sary risks were taken with the resultant 
loss of time and money to prove the 
fallacy of the employer’s directions. 

G. H. KIMBALL. 

East Dedham, Mass. 


Heat Transmission in Boilers 

In the September 12 number, V. L. 
Rupp gives an interesting article, which 
leads me to explain a simple method to 
prove a statement he refers to about more 
heat going through the upper flues of a 
return-tubular boiler than through the 
lower ones. 

I sawed a piece of pine board about a 
foot long into as many strips as there 
were tubes in the central vertical row 
in one of our 150-horsepower boilers, 
containing 34-inch tubes, 18 feet long, 
and placed at the smokebox end one of 
these strips in each tube all the way up. 
At the end of 24 hours I found in the 
top tube a strip of charcoal not over one- 
half the size of the wood, and in the bot- 
tom tube a strip of smoked pine. This 
only proved what I had been told, but it 
gave me a more comprehensive notion 
of the difference, and a pretty definite no- 
tion that putting a thermometer in the 
breeching only gives an idea as to the 
average temperature at which the gases 
leave, but no knowledge of the tempera- 
ture at which the gases through the up- 
per tubes were leaving. 

To change this condition, I designed 
and had made cast-iron curtains to hang 
on the smokebox end of the tubes, cut- 
ting off about three-quarters of the upper 
row, five-eighths of the second, one-half 
of the next, and so on, and a four weeks’ 
test, alternate on and off, showed 5 per 
cent. gain with them on. This would 
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have proved quite satisfactory, had it not 
been for the sequel. Thinking to ask 
about how it worked a few months after, 
nothing could be found of the contrap- 
tions, and inquiries showed that they had 
to be removed to clean the flues, as I had 
known, and, little as it took to hook them 
on, that little was a little too much for 
the fireman to do, so long as he did not 
have to do it. 
JOHN E. SWEET. 
Syracuse, N. Y. 


Boiler Room Repairs 


Referring to Mr. Jahnke’s letter in 
Power for September 19, I have had 
many troubles such as he describes with 
the through braces. The copper washers 
were put on, smeared with a thin mixture 
of red lead and oil, and the nuts were 
drawn up as tightly as possible. No 
further trouble from leakage was noticed. 

The door-arch plates in a battery of 
six boilers had to be renewed every six 
weeks or three months. This was ex- 
pensive, so I had the mason use one set 
of the old arches and cheek plates as an 
experiment, building a solid double-row 


firebrick arch over each door above the’ 


plate and not imposing any weight on it. 
This gave ample room for the plate to 
expand, and as it was not badly burned 
it did not weaken, but the fireman acci- 
dentally knocked it down and pulled it 
out, leaving the firebrick arch entirely 
unprotected. The idea was to see whether 
the plates would burn back any further 
than they had burned already. The arch 
held so well that I had the plates taken 
out of all of the furnaces. 

The iron dead plates would burn out, 
and to overcome this each dead plate was 
lowered enough to allow a firebrick to 
stand on edge upon it, the top edge of the 
brick being flush with the bottom of the 
fire door and the grate bars. Although 
the firing was very heavy in this plant 
the door-arch repairs were decreased to 
less than one-half of the former cost. 

In my present plant I have the arches 
made of rounded-corner, or jamb fire- 
brick. These make a very good arch and 
they last in this plant from two to two 
and one-half years. Jamb brick are bet- 
ter than the square-corner brick, as the 
latter will usually burn off or accumulate 
a clinker which must be broken off, leav- 
ing the corner jagged. The life of fire- 
door arches depends a great deal on the 
fireman’s care in keeping the fire pushed 
back from the doors. In most cases the 
fires are carried too heavy and when 
slicing the coals will naturally fall out, 
and as the fire is very hot the door is 
usually closed as soon’as the bar is with- 
drawn. This leaves a bright fire close 
to the lining on the inside of the door 
which usually burns out the door lining 
as well as the arch. 

R. A. CULTRA. 


Cambridge, Mass. 
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Turbine Accident at River- 


ton, Ill. 

Referring to the recent turbine accident 
at Riverton, Ill., I do not understand how 
a-turbine of this size may be kept run- 
ning at half speed for 10 minutes. It is 
not an impossibility, but it seems to me 
very improbable. I should want to be 
very certain of the evidence of this speed 
before accepting it. 

I have had considerable experience 
with all classes of operating men and 
their reports following accidents are fre- 
quently erroneous, probably not inten- 
tionally se in a great many cases, but 
because of their failure to understand all 
of the conditions involved and to look 
at all of the evidence before arriving at 
conclusions. Most of them are very un- 
willing to change a decision after hav- 
ing once made it, even inthe light of ad- 
ditional evidence. 

I do not quite see how it would be 
possible for a bolt or nut to get past the 
small clearances of this type of machine 
to the shaft, and even though it did get 
there the centrifugal force would more 
than likely throw this foreign body to 
the outside edge of the wheel where it 
would damage the buckets instead of the 
hub at the center. I am assuming that 
the rotors and disks were not disturbed 
in the repairs to the machine. For the 
burst rotor to get out of the machine it 
would be almost necessary to crush the 
metal at the packing of the next dia- 
phragm. 

W. E. STANNON. 

Chicago, Ill. 


Sand for Hot Boxes 

I was much surprised and enlightened 
by the editorial in the a 29 issue 
under the above title. It was news to me 
that a box of sand is part of the en- 
gineer’s emergency outfit. 

I have spent several years at sea in 
the engine rooms of some of our largest 
ocean liners, and I can say that I never 
saw or heard of sand being used for 
hot propeller shafts. I have often used 
graphite, white lead and oil, castor oil 
and even sulphuric acid (H:SO,). I 
quite agree with the writer of the editorial 
as to the use of Sapolio to tune up new 
bearings, as it is only a mild abrasive. 
But, when it comes to using sharp sand I 
draw the line. Sand contains fine particles 
as hard as steel, and its use for a bab- 
bitted bearing would be disastrous as 
these hard particies would be embedded 
in the babbitt and ruin it; in fact, it 
might easily mark the shaft. 

I am “fraid that if the writer of the 
aforer.cutioned editorial was employed 
on sume of our ocean liners and used 
suarp sand on the propeller-shaft bear 
ings to cool them off, he would have 
the chief down on him with a vengeance. 

R. HowartH. 

Centerdale, R. I. 
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Mr. Bullard’s Diagrams 


In the issue for September 19 are 
shown a pair of diagrams, from a Whee- 
jock engine, submitted by W. H. Bullard. 

The crank-end steam valve opens and 
closes too soon. The early opening can 
be remedied by increasing the distance 
between the catch plate and the center 
of the pin by which the crab claw is at- 
tached to the wrist lever, in the following 
manner: If Mr. Bullard will examine the 
pin just referred to, he will find that it 
carries an eccentric, which can be re- 
volved, for the purpose of adjusting the 
length of the crab claw. To cause a later 
opening of the valve, the length should 
be increased. No doubt this can be done 
by Mr. Bullard with no further instruc- 
tions, provided that in making repairs a 
straight pin has not been substituted for 
the eccentric one; otherwise the remedy 
is to replace the eccentric pin so that 
proper adjustment can be made. 

After this adjustment has been made, 
Mr. Bullard should adjust the length of 
the rod between the governor and the 
knock-off cams to equalize the cutoffs. 
He will find that this rod should be 
shortened. Just how much adjustment 
will be required, can only be determined 
by experiment in connection with the in- 
dicator. 

From the exhaust lines of these dia- 
grams, I am led to believe that the econ- 
omy of the engine could be improved by 
earlier release, as the condenser does 
not take hold as promptly as it should. 

This can be had by advancing the ec- 
centric in the direction in which the en- 
gine runs, after which a slight adjust- 
ment of the eccentric rod to equalize 
compression should be made. The steam 
valves also will probably require ad- 
justment to avoid too early admission. 

CHARLES F, PRESCOTT. 

Philadelphia, Penn. 


To Prevent Standpipe 


Freezing 

Referring to the query in Power of 
September 12, page 411, the most effective 
way to prevent freezing of water pipes 
exposed outdoors is to apply sectional 
cork pipe covering. 

If the pipe is rather large, a good 
homemade, inexpensive job can be done 
by building a wooden box or casing around 
the pipe, keeping a distance of 6 inches all 
around by means of split wooden col- 
lars, closing in the flanges, fittings and 
bodies of valves the same way. There 
must be no possibility of pipe joints 
leaking; all must be dry and preferably 
Painted. The space between the box and 
the pipe is then filled with dry, regranu- 
lated cork, with grains of about % inch, 
Packed to a density of 7 to 8 pounds 
Per cubic foot, leaving no spaces unfilled. 

When exposed to the weather unpro- 
‘ected, shrinkage cracks form in the cas- 
ing, thus allowing the moisture to reach 
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the insulation and rendering it ineffective. 
It must therefore be made water tight 
by inclosing it in a heavy cemented roof- 
ing jacket; or better, in sheet metal, 
soldered up. 
CHARLES H. HERTER. 
New York City. 


Mr. Rockwell’s Questions 

I believe no one man can answer, with 
absolute certainty of being correct, the 
questions asked by H. R. Rockwell in 
the September 12 issue. I will try to 
answer one. 

At the Canadian General Electric Com- 
pany’s plant, some years ago, a blowoff 
cock on one of the boilers was lo- 
cated in a position very difficult to reach; 
it was between the back wall of the 
boiler house and that of the boiler set- 
ting. One day after the cock had been 
opened to blow down a couple of inches 
of water my attempts to close it were not 
successful. The plug had become stuck 
and as there was only about 14 inches 
of space between walls, very little pres- 
sure could be put upon the valve handle 
on account of the position in which I 
had to stand in the narrow space. 

Failing to close the valve, I hustled out 
and drew the fire. In a short. time the 
boiler was empty. The cock was re- 
moved and another one was put on in a 
few minutes after the boiler was empty 
and the superintendent gave orders to 
fill up the boiler and get up steam, danger 
or no danger, his reason being that 
several departments were idle, including 
about 100 men. 

Inside of half an hour water was going 
into the boiler. All the inside brickwork 
was red hot and, although the bottom 
sheets of the boiler were not red hot, 
they were very hot. The boiler was filled 
and 100 pounds of steam pressure were 
raised. A few days later I noticed a drop 
of water at a rivet where a diagonal brace 
was fastened to the bottom sheet. The 
boiler was emptied and it was found that 
the boiler sheet was slightly cracked at 
each side of the boiler where the braces 
were riveted to the shell. The braces 
were removed, a piece of the shell 8 
inches square was cut out at each side 
and hard patches were put on, and 
through braces were put in when the 
others were removed. 

The damage was undoubtedly caused 
by filling the hot boiler with water, which 
caused unequal contraction and left the 
boiler in a very dangerous condition. 

So far as steam pressure was con- 
cerned, there was none formed when the 
water was admitted to the boiler, the 
sides of which were practically red hot. 
Thereforé, I do not believe that it would 
be possible to cause an explosion by 
Steam pressure by admitting water into a 
red-hot boiler. Of course, if a small 


stream of water was permitted to run into 
a red-hot boiler, and a hot fire was kept 
burning under the boiler, an explosion 
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would certainly take place, but with no 
fire and a good stream of cold water 
entering, no explosion would occur. How- 
ever, I would advise that someone else 
try the experiment. 
JAMES ELLETHORN. 
Toronto, Ont. 


In reference to H. R. Rockwell’s ques- 
tions in the issue of September 12, I 
would say that letting cold water into a 
red-hot boiler will not cause an explo- 
sion, providing there is no pressure in 
the boiler, but it will rupture the boiler 
whether the water is hot or cold. 

Cutting in two or more boilers with 
unequal pressures is not dangerous, but 
it is bad practice as it is neither prac- 
tical nor economical. 

If a battery of boilers are jointly con- 
nected and rest on the same foundation 
and one boiler explodes, the others are 
liable to follow, but they will not go as 
high in the air as the first boiler. 

A condensing engine or any steam en- 
gine should not increase its speed after 
the throttle valve is shut tight unless 
there is a bypass left open, thereby ad- 
mitting steam to the cylinder, A steam 
engine is run by steam or air pressure 
and it will not increase its speed by its 
own momentum, or by perpetual motion, 
after the steam pressure is taken off the 
piston. 

PATRICK MOLLOY. 

New York City. 


In the September 12 issue, R. H. Rock- 
well asks, “Will turning cold water into 
a red-hot boiler cause an explosion?” 
I do not think so. I once had to replace 
54 out of 90 four-inch tubes which were 
burned badly, due to lack of water. Al- 
though I do not claim that the shell of 
this boiler was not injured, it is still 
carrying the same pressure as before. 
Water was turned in while the boiler was 
hot and empty. It has never been proved 
that low water or cold water on hot plates 
was the direct cause of an explosion, 
although it may be the indirect cause of 
one. 

In regard to the second question, I 
cannot see how connecting two boilers 
together with the pressures unequal can 
cause an explosion providing the nozzles 
and header are free from water and or- 
dinary care is taken, any more than can 
two or more safety valves on a battery of 
boilers lifting at the same time or a 
couple of engines. taking steam from 
the same header at the same time. But, 
with a slug of water in the pipe, unless 
great care is taken, a bursted pipe or 
perhaps even a boiler explosion might 
be the result. 

Referring to the third question, it has 
been proved that one boiler in a battery 
letting go may carry its mates with it, but 
the explosions will be so close together 
as to merge them into one. 

In answer to the fourth question, I 
would say that if an engine is racing 
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and the throttle is closed, the engine will 
surely come to a stop unléss the throttle 
leaks, for the simple reason that a vac- 
uum does no work but simply removes 
the pressure from one side of the piston 
and allows the pressure on the other side 
to exert itself. 


A. W. GRISWOLD. 
Adams, Mass. 


Answering Mr. Rockwell’s questions 
in the September 12 issue, I will say that 
in my opinion turning cold water into a 
red-hot boiler will cause an explosion. 
The reason is that the plates suddenly 
contract to such an extent as to produce 
rupture. 

Cutting two or more boilers in together 
without having the pressure equal will 
not be liable to cause an explosion, pro- 
vided that ordinary care is used and 
the valve is opened slowly. Of course, 
it is advisable to have the pressures of 
the boilers about the same, but with 
due care, and with a boiler capable of 
carrying the pressure desired, no explo- 
sion should occur. 

If one boiler of a battery of several 
explodes, it is likely to cause the others 
to explode, for the reason that the sudden 
rush of steam from the boiler into the 
discharge pipe reduces the pressure in 
the boiler very rapidly; the reduction of 
pressure causes a sudden formation of 
a great quantity of steam within the 
water, and the heavy mass of water is 
thrown toward the opening with great 
violence. This strikes the portions of 
the boiler near the opening and breaks 
it open. 

If a condensing engine should be sud- 
denly relieved of its load and attain a 
dangerous speed and the throttle valve 
is closed tight but the condenser con- 
tinues to operate and maintain the usual 
vacuum, the engine will not increase in 
speed, but will eventually stop, providing, 
of course, air does not leak into the cyl- 
inder, in which case the pressure of the 
atmosphere would be on one side of the 
piston and a pressure less than that of 
an atmosphere on the other. L 

R. G. Cox. 

Milwaukee, Wis. 


Efficiency Engineers 

I read with interest the letter “Effi- 
ciency Engineers,” by Alfred Williamson, 
in the September 19 issue. As to the 
owner being a nontechnical expert, I fail 
to see why he need be a technical expert 
to know that any material reduction in 
operating expenses is being made. 

If there are careless or incompetent 
firemen or engineers on the job it might 
be possible to reduce the operating costs 
by careful management, but the plant 
would have to be in bad condition which 
would allow any man, no matter how 
capable, to reduce costs 50 per cent. 
Most owners have a fair knowledge of 
how much they pay out for oil, fuel, etc., 
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and I fail to see how the efficiency en- 
gineer can accomplish much by making 
false statements. Furthermore, I have 
never heard of this class of men being 
employed where a careful and capable 
man was at the helm. 

I believe that plant owners are few 
and far between who will discharge their 
engineers upon the bald statement of 
some stranger. The engineer can de- 
fend himself if any defense is possible, 
for it must be confessed that some en- 
gineers have absolutely no claim to such 
There are engineers who call 
at plants where no indicator is used, and 
who offer to indicate the engine and ex- 
plain where changes should be made to 
prevent losses. The majority of them 
have positions and do the indicating in 
spare time or on holidays. They are per- 
fectly within their rights. I have heard 
of expert firemen who visit owners of 
small plants and offer to teach their fire- 
men how to fire to get the best results 
possible with a certain quantity of fuel. 
As a rule they guarantee a saving over 
the inexperienced fireman, but I never 
heard of one of them taking the other 
man’s job; there is not enough money in 
it to tempt them. 

JAMES E. NOBLE. 

Toronto, Can. 


Firebrick Arches 


I will say for the benefit of H. A. 
Jahnke and others that I have not used 
iron fire-door linings or mouthpieces in 
years. 

Firebrick jambs and arches last me 
from one to four years, but the cast-iron 
pieces were a constant source of trouble. 

I have used certain fire-clay blocks for 
the firebox part of the furnace, but they 
did not do very well for a 10-hour run 
as they cracked from the contraction and 
expansion. I have no doubt they would 
give satisfaction on 24-hour runs. 

J. O. BENEFIEL. 


Anderson, Ind. 
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year ago and could find no other ex- 
planation. 
HowaArpD R. TAYLOR. 
Norwich, Conn. 


Safety Stops 

In the July 18 issue of Power there 
appeared an editorial under the above 
caption, which touches the spot exactly. 
It brings to my mind an instance which 
occurred about a year ago. 

I was preparing to take a vacation and 
had engaged an engineer (?) to take my 
place. He came to the plant the day 
before I was to leave, and stayed a whole 
hour. While I was telling him where 
certain pipes, valves, etc., were to be 
found and explaining things in general, 
I was very much surprised to hear him 
say: “You do not need to go to all this 
trouble. I can handle her as good as 
anyone.” 

Upon my return the boss said: “It 
took that engineer about one-fourth of 
his time getting the engine off the center 
and started in the right direction.” 

The engine is a Hamilton Corliss of 
125 horsepower which handles very 
easily. As this man claimed to be an 
expert who had been doing relief work 
in numerous plants, and had been recom- 
mended to me, I expected him to be equal 
to a job of this size, but it was quite 
necessary for me to call him down upon 
my return to the plant, when I found the 
automatic safety stop weighted on the 
light side to hold it in position to save 
him the trouble of placing it when he 
wished to shut down. 

At the present time this “engineer” has 
the title of instructor of a local organiza- 
tion of engineers, but let us hope for the 
safety of those under his instruction, as 
well as the general public, that he will 
not lead them to believe that it is proper 
to incriminate themselves by weighting 
an automatic safety stop so that “it will 
not auto as it ought to.” 

HENRY A, STEWART. 


Loose Crank Pin 


L. A. Fitts’ trouble with a centrifugal 
oiler on a loose crank pin, as described 
in the September 5 issue, seems to me 
to be quite a natural occurrence. 

With the crank pin loose enough to 
turn in the disk and the oiler tightly 
screwed to the pin, the pin becomes a 
center around which the oiler revolves 
in the opposite direction to that in which 
the engine is running. If the engine runs 
over, this direction must be to the left. 
With the oiler turning to the left the 
weight on the end must travel faster 
than the pin; therefore the inertia of this 
weight will tend to cause it to travel 
ahead of the pin; this, together with the 
jar due to the pin being loose, is suffi- 
cient to make it unscrew. 

I had the same trouble with a small 
Corliss engine in a paper mill about a 


Toledo, O. 


License Laws 

In my opinion the license laws are not 
as strict as they should be in Ohio. The 
law only covers above 30 horsepower 
and, as I understand it, is mostly to pro- 
tect life and property. If that be the 
case, I think we have what I would call 
a half law. Take a 30-horsepower boiler 


‘carrying, say, 60 pounds gage pressure 


and figure up the energy it contains. 
There will be quite enough, I think, to 
efface a large patch of landscape near 
the boiler. 

Engineers, and the public generally, 
should insist that laws be passed to cover 
all boilers carrying a high pressure. In 
some of the cities in this State a water 
tender has to have a license and I think 
this requirement should be universal. 

W. T. Hurp. 

Beliefontaine, O. 
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‘The Austin Disaster 


Doubtless most of our readers are 
familiar with the great destruction 
wrought by the failure of a dam at Aus- 
tin, Penn., on September thirtieth. Now 
that the excitement of the moment has 
subsided, the matter may be viewed from 
an engineering standpoint, for the adop- 
tion of such measures as will make the 
recurrence of such a disaster improbable. 

Stated briefly, the history of the dam 
is as follows: The structure was of re- 
inforced concrete, five hundred and fifty 
feet long, forty-two feet high, and was 
designed to afford a storage capacity for 
two hundred million gallons. It rested 
on a rock foundation the formation of 
which consisted mostly of sandstone 
strata interspersed with shale and clay, 
and the footing of the dam was carried 
into this rock for a depth of only four 
feet. 

It is rumored that the designing en- 
gineer wished to carry a cutoff wall 
a considerable distance down through 
the soft-rock strata to insure against 
seepage under the dam, but that the com- 
pany would not consent to this, owing to 
the additional expense involved. 

The dam was completed in December, 
1909, and one month later caused con- 
siderable alarm by developing several 
large cracks and a sliding forward of a 
section about ninety feet long. At this 
time water was ‘observed coming up 
through the ground several feet below 
the dam, thus indicating seepage under 
ii. 

Investigation revealed the fact that the 
section which had slid had remained fast 
to the rock foundation but that seepage 
and the pressure against the dam had 
caused one stratum of rock to slide upon 
another. 

To lower the water and thus partly 
relieve the pressure, a small piece was 
blown from the top of the dam at one 
end, and the cap was also blown from 
the drawoff pipe, located at the bottom. 
This, however, soon emptied the reser- 
voir, so a new cap was put on and the 
dam filled again. 

Shortly after this the consulting en- 
gineer was requested to prepare plans 
for strengthening the dam. These plans 
were submitted, but apparently no ac- 
tion was taken by the company; mean- 
while, the dam was continued in daily 
use. 

On September thirtieth, with but slight 


warning nearly the whole foundation slid 
forward, breaking the dam into seven 
sections, some of which were displaced 
from their original positions as much as 
twenty-five feet. The water rushing down 
the valley practically wiped a whole town 
out of existence and resulted in the loss 
of over a hundred lives. 

From these facts it would appear that 
the dam was unsafe from the start, the 
necessary precautions having been neg- 
lected in order to save expense. For this 
both the company and the engineer ap- 
pear to be to blame. However, when the 
mistake was discovered and the danger 
became apparent, the engineer evidently 
did all in his power to rectify it, but the 
alleged attitude of the company prevented 
his recommendations from being carried 
out. 

There is no State supervision over the 
construction of dams in Pennsylvania; 
in fact, there appears to be none which 
amounts to anything in any of the States. 
The time has arrived for taking such 
measures as will make it impossible for 
the policy of private individuals to 
jeopardize the lives of a community. No 
doubt such steps will be taken by many 
of the States as a result of the present 
awakening. 

To make such supervision effective, 
only the best and most ex »erienced men 
should be employed to pass upon the 
work. The services of high-class engi- 
neers are expensive, but it is better to 
spend a few dollars and make the super- 
vision adequate. With State inspection 
the individual is sure to hide behind the 
inspector; consequently inadequate su- 
pervision would be worse than none at 
all. 


The Christie Engine 


Our analysis of the thermodynamics 
of the Christie air-steam engine in the 
September 5 issue has brought many 
communications. One of these, of pe- 
culiar interest, is from a gentleman who 
occupies a prominent position in the en- 
gineering world and who says that some 
twenty-five years ago, when he was in 
the employ of the Actien-Gesellschaft 
fiir Eisengiesserei und Maschinenfabri- 
cation, vormals J. T. Freund & Co., of 
Charlottenburg, he was experimenting 
upon an engine of exactly the same prin- 
ciples. These works had acquired a pat- 
ent of a G. Schimming on an air-steam 
engine working exactly the same as 
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Christie’s and an engine was built on 
the four-stroke cycle principle with the 
tandem cylinders just like the Waterloo 
engine, only with drop valves moved by 
cams instead of a Corliss gear. 

He is unable to find any record of or 
diagrams from the engine, but the dimen- 
sions were approximately one foot cyl- 
inder diameter by two feet stroke. The 
idea was that by the air being com- 
pressed to a high pressure and tempera- 
ture before steam was admitted, there 
would be practically no initial condensa- 
tion, and that during the expansion of 
the mixture the steam would give up heat 
to the air by condensation and thus in- 
crease the work done by the engine and 
utilize part of the latent heat otherwise 
exhausted through the condenser. 

The engine was tested in 1886 or 1887 
with a separate boiler connected to it and 
proved a complete failure as the steam 
consumption was something enormous, 
so much so that it exhausted consider- 
able quantities of water with the steam 
and air mixture. Our correspondent be- 
lieves that the air was subsequently 
heated by steam before entering the cyl- 
inders, but this proved of no advantage 
whatever. The engine was dismantled 
shortly afterward and the cylinders were 
thrown upon the scrap heap. 

On another page of this issue will be 
found the rejoinder of Mr. Christie to 
our criticisms of September 5. This we 
are making public out of fairness to him 
and in order that the other side of the 
question may be heard. Unfortunately, 
however, the reply is taken largely from 
the prospectus and reiterates (without 
proof) just those assertions which we 
refuted in our analysis. Typical of these 
is the following statement: ; 

“In the condensing steam engine, great 
volumes of cooling water are pumped 
through the condenser in an attempt to 
create a vacuum and only a partial one 
is formed, while in the Christie air- 
steam engine a ‘perfect’ vacuum is ob- 
tained without the use of the condenser 
or of water for condensing purposes.” 

Evidently Mr. Christie’s conception of 
a perfect vacuum does not coincide with 
ours. 

The only definite information contained 
in the rejoinder is that set forth in the 
certified report of the test made on 
August twenty-sixth. Although these 
figures apparently fix the economy of 
the engine at first glance, a closer study 
of them will fail to satisfy those who 
have been following the subject. 

To the engineer, the all-important 
question is: With a certain power to de- 
velop, how many pounds of steam per 
hour will be required? A direct answer 
to this question is completely sidestepped 
by the report of the test. After stating 
that the load was furnished by a prony 
brake and that runs were made at a 
constant brake load, the water rate is 
given in terms of indicated horsepower. 
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With an expanding mixture of steam and 
air in the cylinder, it may be possible 
to determine from the indicator diagram 
just what work is due to the steam; how 
accurately we are unable to say. How- 
ever, the figures would certainly mean 
much more if given in terms of brake 
horsepower developed, which would in- 
clude the efficiency of compression. 

We are led to ask, Why was this not 
done when ample opportunity was af- 
forded for doing so? 


Impossible Guarantees 

When one is about to purchase a piece 
of engineering apparatus he naturally 
inquires not only the price but the effi- 
ciency. He can buy an engine for fifteen 
dollars per horsepower and another for 
thirty; but if the more expensive engine 
will run upon fifteen pounds of steam 
per hour per horsepower while the 
cheaper requires thirty, it may be real 
economy to pay the higher price. The 
seller is therefore asked not only to give 
his price but to guarantee performance, 
and the purchaser is guided in his selec- 
tion by this guarantee of what the ap- 
paratus will do. 

In the case of large contracts, and es- 
pecially upon public work, an acceptance 
test is usually made to determine if the 
vendor has met his guarantee, but private 
purchasers, especially of moderate-sized 
installations, are usually content to rest 
upon the guarantee. 

They are impatient to get the apparatus 
into service, not anxious to have their 
judgment in its selection demonstrated 
at fault; a test is expensive and bother- 
some, the guarantee has been a spur to 
the builder, and if the apparatus works 
satisfactorily and fulfils its purpose they 
are quite apt to forego the test and ac- 
cept and run the apparatus, the subse- 
quent work of which is not apt to be so 
closely scrutinized and recorded as to 
demonstrate whether the guarantee has 
been met or not. 

When the guarantee is made in good 
faith this course is perhaps the best to 
follow. Tests are interesting and valuable, 
and the more of them there are made 
and published the better we like it. But 
it is an expense that a manager might 
well spare his record if he were fairly 
well satisfied that he was getting what 
he was paying for. Unscrupulous, over- 
confident or daring manufacturers too 
often discount this disposition on the 
part of the buyer and guarantee per- 
formances which are impossible under 
the conditions specified or obtainable 


only under the most fortuitous combina- 


tion of circumstances. 

“How did you dare to make the guar- 
antees that you used to make?” was 
asked of a manufacturer of, let us say, 
feed-water heaters, at a meeting of one 
of the leading engineering societies. 
“Why, they never tested more than one 
in a hundred,” was the response, “and 
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we could afford to take that one out.” 

These excessive guarantees are some- 
times based upon overconfidence or upon 
an assumption, unchecked by real engi- 
neering ability, that the efficiency ob- 
tained under one set of conditions can be 
obtained under all. In other cases it is 
the result of a cold determination to beat 
the other fellow in guarantee if not in 
price and to wiggle out of it in the best 
way possible if the bluff is called. It 
would go hard with some of these engi- 
neering adventurers if the German law 
were operative here. Under their unfair- 
competition legislation anybody publish- 
ing a false statement with respect to his 
product even in an advertisement is 
liable, upon conviction, not only to a 
fine but to imprisonment. 


Central Station Solicitor Will 


Not Tell 


The majority of engineers look upon 
the central station as a menace to them 
and to their plant, and upon the central- 
station solicitor as a man who is after 
their bread and butter. 

On the other hand, the central-station 
solicitor is out for all of the business he 
can get for his company and there is no 
reason to suppose that he advances any 
argument in getting business which does 
not throw weight to his side of the ques- 
tion. 

When the solicitor is looking over a 
proposition he may in some cases see 
opportunities where the engineer could 
make a saving that would prohibit cen- 
tral-station energy being used, because 
it would be impossible to meet the iso- 
lated-plant production cost. He naturally 
does not point out the avenues through 
which excessive operation costs leak, but 
States to the management that he can 
sell it electrical energy at a less cost 
than it is making it; he does not say 
can make it. 

If the engineer does not know where 
the leaks are which enable the central- 
station energy to put his steam plant 
“down and out,” he cannot expect that 
the representatives of a rival company 
are going to take the time and the trouble 
to point them out to him. Neither can 
he find fault with anybody but himself 
when his job has vanished. 

The thing for the engineer to do is to 
get his plant in such condition that 
central-station prices cannot compete 
with his cost of operation, to know what 
his costs are and to be prepared to argue 
the whole question of power costs and to 
state his side of the case intelligently and 
convincingly when the question is before 
the owner. The ability to do this on the 


part of the engineer would have pre- 
vented the shutting down of many an iso- 
lated plant where the management has 
found out only by expensive experience 
what competent engineers ought to have 
told it before the change was made. 
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Inquiries 


rest 


Steam Pipe Arrangement 

What is the best way to run the steam 
pipe from a boiler to a rock drill at a 
distance of 800 to 1000 feet? Should 
there be any difference in the pipe size 
and should a separator be used? 

A. \& 

The steam pipe should be one or two 
sizes larger than would be required for 
the same service at a shorter distance. 
It should pitch downward continuously 
so as to prevent the pocketing of con- 
densation, be covered with the best in- 
sulation possible and have a separator 
near the drill end. 


Botler and Furnace Efficiency 
If a pound of coal gives off 13,000 
B.t.u. in combustion, if the boiler utilizes 
9000 B.t.u. per pound of coal burned, 
and the engine delivers to the band wheel 
20 per cent. of the heat value of the 
steam, what is the efficiency of the whole 
plant? 
F. A. S. 
The efficiency of the furnace and boiler 
would be 
g000 X 100 
13,200 
The efficiency of the boiler plant and en- 
gine combined would be 
0.6818 « 0.20 « 100 = 13.64 per cent. 


= 68.18 per cent. 


Attaching Lubricator to Steam 
Pipe 

What is the best way to attach a lubri- 
cator to a horizontal steam pipe leading 
to an engine? 

L. & FP. 

It makes no difference whether the 
lubricator feeds into the top or the side 
of the pipe so long as it works properly 
itself. The self-feed cylinder-oil lubri- 
cator, or any other type, will work equal- 
ly well when properly piped, whether on 
a vertical steam pipe or on top of or at 
the side of a horizontal one, and the en- 
trance of the oil to the steam pipe at one 
point or another is a matter of indiffer- 
ence. 


Loss in Engine Friction 
Does all the force exerted on a piston 
reach the band or flywheel of an engine ? 
If not, what are the sources of loss? 
j. A. F. 
If the engine were perfectly fric- 
tionless, every foot-pound of energy 
exerted against the piston would be 
available at the flywheel rim; that is, 
the brake horsepower would be equal to 
the indicated horsepower. But losses by 
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friction in the mechanism of the ma- 
chine reduce the available power to less 
than that developed in the cylinder by 
about 10 per cent. on the average. 


Effect of Excessive Clearance 
What will be the difference between 
the indicator diagrams from an engine 
with too much clearance and one with 
the right amount? 
E. E. C. 
An indicator diagram from an engine 
cylinder having excessive clearance will 
show a higher terminal pressure than one 
with a reasonable amount for the same 
point of cutoff. The cutoff will appear 
to be the same in both instances, but 
there will be a difference in the expan- 
sion line, and also in the compression 
curve, as with the added clearance the 
compression curve will not rise so high. 


Economy of Using Steam 
Expanstvely 


Why is it more economical to cut off 
high-pressure steam early in the stroke 
than to use steam of a lower pressure 
for the full length of the stroke? 

&. 

When steam is cut off early in the 
stroke, a large part of the force moving 
the piston is derived from the expansion 
of the steam admitted up to the point of 
cutoff. If used full stroke there is no 
expansion and a cylinderful of steam 
at the lower pressure would weigh more 
than the partial cylinderful necessary 
for the same mean effective pressure at 
a higher initial pressure. A steam cyl- 
inder of 4 cubic feet capacity taking 
steam at 100 pounds pressure and cut- 
ting off at one-fourth stroke would, neg- 
lecting clearance and condensation, use 
1 cubic foot of steam per stroke and 
have a mean effective pressure of about 
53 pounds per square inch. The weight 
of the steam used would be 0.26 pound. 
If 4 cubic feet of steam at a pressure of 
53 pounds were used its weight would 
be 0.54 pound, or more than twice as 
much as would be needed for the higher 
pressure used expansively. 


Inertia Governor Weight 


What will be the effect of adding to 
the weight on the long arm of a Rites 
governor ? 

W. G. W. 

It will diminish its sensitiveness, and 
the engine will not regulate as closely as 
before. 


Discharge through 24-inch 
Pipe 

What would be the rate of flow through 
a 24-inch cast-iron pipe 3000 feet long 
with four 90-degree elbows and a head 
of 2. feet? 

E. H. G. 

The flow of water through a clean cast- 
iron pipe is expressed by the formula 

H D 
where 
V = Velocity in feet per second; 
L = Length of pipe in feet; 
H = Head in feet; 
D = Diameter in feet. 

If the pipe has long-radius bends— 
that is, of a radius not less than five 
diameters of the pipe—the flow will not 
be affected materially. However, a short 
90-degree elbow on a 24-inch pipe will 
be equivalent to adding about 125 feet 
of straight pipe; hence the four elbows 
are equivalent to 500 feet. 

Substituting in the formula 


Keim E x2 
3500 


= 1.69 feet per second 


The cross-section of the pipe is 3.1416 
square feet, and there are approximately 
7% gallons in a cubic foot. Therefore 
the discharge per hour is 
1.69 « 3.1416 « 3600 « 7.5 = 144,000 

gallons. 


Nitrate of Silver Test for Salt 


How is nitrate of silver used to de- 
tect the presence of salt in the discharge 
from a surface condenser ? 


N. S. T. 
Take a few crystals of silver nitrate, 
moisten them with one or two drops of 
chemically pure nitric acid and dissolve 
in half a glass of fresh water. Into a 
glassful of the water to be tested put 
three or four drops of the nitric acid and 


. then an equal number of drops of the 


silver and water solution. The presence 
of salt is indicated by a whitish, cloudy 
appearance of the water. 
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Refrigeration Department 


Thermal and Static Heads and 
the Flow of Heat and 
Liquids 
By F. E. MATTHEWS 


In following out the comparison of 
thermal and static heads and the flow of 
heat and liquids, it should be remembered 
that coal is simply the vehicle for carry- 
ing heat radiated from the sun to the 
earth ages ago. The absorption of solar 
heat produced a chemical process by 
which carbon dioxide from the atmos- 
phere was broken up in the plant cells 
of the vast prehistoric vegetable growths 
and formed fixed carbon in the plant 
tissues and free oxygen exhaled into the 
air. In the process of combustion of 
coal, free oxygen from the air again 
combines with the fixed carbon of the 
plant, forming carbon dioxide, and the 
long imprisoned solar heat is liberated. 
Not only-is solar heat of former ages, 
stored up in coal, now made to do use- 
ful work through the evaporation of 
water in boilers, but the solar heat of 
the present day evaporates the moisture 
which, precipitated from the rain clouds, 
collects to form the cataracts that turn 
the turbines. In raising the vapor from 
the surface of the earth to the clouds 
a certain amount of energy is expended. 
In passing the steam from the boiler to 
the engine there is also an expenditure 
of energy. 

When the two forms of vapor have 
reached their respective destinations they 
possess considerable potential energy 
and when pressed into service in ap- 
propriately designed machines will be 
able to perform useful work. When the 
atmospheric vapor has been divested of a 
sufficient amount of its latent heat it con- 
denses into rain and were there a suit- 
able machine at hand a part of the foot- 
pounds of work developed by the falling 
rain could be utilized. 

Enormous amounts of power are stored 
in the torrents of water precipitated on 
the great watersheds that feed the North- 
ern lakes and finally flow down the 
Niagara river, a part to turn the wheels 
of industry and a part to dissipate the 
acquired energy on its way to the ocean. 

In the accompanying figure is shown a 
conventionalized machine for utilizing a 
part of the energy in a small stream of 
water diverted from the Niagara river 
above the falls. While theoretically a 
modern vertical turbine might have been 
employed in this analogy, for sirnplicity 
of detail and similarity of comparison a 
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bucket conveyer is shown. Water from 
the duct leading from the river is dis- 
charged into the buckets near the top of 
a sprocket wheel. The weight of the 
descending water in the upper chain of 
buckets turns the lower shaft carrying a 
second chain of buckets so arranged as 
to elevate the water accumulating in the 
shaft below the level of the river, and 
discharge it into a trough near the point 
of discharge of the upper chain at such 
a hight that it can flow away by gravity 
into the river. 

The power available in any machine is 
the product of the force applied and the 
space through which it acts. In the pres- 
ent example the distance between the 
point of charging and that of discharg- 
ing the buckets is about 60 feet, so that 
every thousand pounds of water dis- 
charged per minute will have exerted 
60,000 foot-pounds, every 33,000 of 
which is equivalent to a horsepower of 
work, and every 778 of which is equiva- 
lent to 1 B.t.u. of heat (60,000 foot- 
pounds per minute equals 1.82 horse- 
power, or 77.1 B.t.u.). In this example 
it is obvious that the higher the point at 
which the weight can be received and 
the lower the point at which it can be 
discharged, the more power will be de- 
veloped. 

The amount of power to be expended 
in raising the water from the shaft de- 
pends not only on the number of pounds 
of water to be raised ‘n a given time, 
but also on the number of feet through 
which it is to be raised. If the water is 
running into the shaft at different levels 
it is obvious that less power will be 
required if it is collected and conducted 
into the conveyer at about the levels at 
which it enters than if it were all al- 
lowed to flow to the bottom of the shaft. 
If the hight of the point of discharge 
be more than just sufficient to allow the 
water to flow away to the river, work will 
be unnecessarily expended. Similarly, if 
the point of discharge of the water from 


‘the upper buckets is higher than neces- 


sary to enable the water to flow away 
freely, loss of power will result. Since 


the water discharged from both sets of 
buckets must all flow into the river, the 
points of discharge may be on the same 
level, as shown, or at different levels, 
providing both levels are above that of 


_ the river. 


The analogy of lifting and discharging 
water and of absorbing and rejecting heat 
is now apparent. The source of the 
water available for producing power is 
60 feet above the point at which the 
water is discharged from the buckets, 
representing the heat energy of steam 
available at a temperature of 370 degrees 
Fahrenheit. This steam may be expanded 
to the lowest pressure, or the heat may 
be allowed to flow to the lowest tempera- 
ture, at which it can still flow away into 
the river of condenser water. If this 
temperature is 126 degrees Fahrenheit 
the corresponding pressure: will be 26 
inches vacuum. 

This falling of temperature resulting 
from the conversion of heat into work, 
in the steam engine shown on the left 
in the accompanying figure, is repre- 
sented by the steam-indicator diagram 
shown on the right, temperatures at any 
point of which are approximately indi- 
cated by the thermometer. 

The water to be removed from the pit 
represents heat to be removed from the 
lower levels of temperature found in 
cold-storage compartments. This heat 
has to be elevated almost to the same 
level at which heat from the engine is 
exhausted, because of the fact that the 
most satisfactory disposition of the heat 
from both sources is to let it flow into 
the same river of condenser water. The 
lower the point of discharge the more 
power will be available in driving the 
chain per pound of water, and the less 
power will be required to raise a given 
quantity of water in the driven chain. 
The lower the temperature of the con- 
denser water the more power will be de- 
veloped in the driving steam engine per 
pound of steam expended and the less 
the power required to raise a given quan- 
tity of heat in the driven refrigerating 
machine. In other words, the efficiency 
of the driving machine depends directly 
on the difference in head of the water 
entering and leaving the buckets, just as 
that of a steam engine depends on the 
difference in temperature between the 
steam in the boiler and that in the con- 
denser. 

Similarly the efficiency of the driven 
machine increases directly as the differ- 
ence in head between the water leaving 
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and entering the buckets decreases, just 
as that of a compression refrigerating ma- 
chine increases as the difference in tem- 
perature between the gas in the con- 
denser and that in the cooler decreases. 
Since the temperature of steam at the 
lowest point to which it is practical to 
expand it is considerably above that of 
the refrigerating medium liquefying at 
the lowest temperature that available 
cooling water will allow, it is found 
economical in practice to first permit the 
heat from the refrigerating medium to 
flow into the cooling water, after which 
its thermal level, or temperature, even 
after being raised by heat from the re- 
frigerating-machine condensers, will still 
be sufficiently low to allow heat from the 
steam-engine condensers to flow irito it. 
The diagram illustrates this to the ex- 
tent of showing that the point of dis- 
charge of the water from the driving con- 
veyer is slightly above that of the driven 
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through the walls of the shaft into the 
driven conveyer. The operation of the 
compressor of the refrigerating machine 
shown on the left is also represented in 
the compressor-indicator diagram shown 
on the right, hights in feet, temperatures 
in degrees, and corresponding pressures 
in pounds, being represented on the three 
scales also shown at the right. 

In some cases in which a single com- 
paratively high cold-storage temperature 
is to be maintained, it is not necessary 
in the analogy to keep the water pumped 
down to the bottom of the shaft. If coil 
E., for example, is shut off, there being 
no demand for the temperature of —5 
degrees Fahrenheit shown on the ther- 
mometer scale opposite level A, and only 
coil E; is in service, producing a tempera- 
ture of about 24 degrees Fahrenheit, cor- 
responding to level B, the logical method 
of operation would be to let the back 
pressure of the evaporating refrigerant 
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ciently below that level to allow the out- 
side water to flow by gravity into the 
conveyer buckets at that level. 

The foregoing conditions; namely, of 
producing a single temperature, un- 
fortunately has to do only with the most 
economical conditions of operation of 
which the system is capable. It more 
frequently happens that two or more 
widely different temperatures, 26 degrees, 
—5 degrees, etc., such as would be 
produced by coils E:, E:, etc., are re- 
quired. If the two refrigerating loads 
from coils E, and E. happen to be so 
proportioned that the vapor coming from 
each can be compressed separately in 
one cylinder of a two-cylinder machine, 
or one end of a double-acting compressor, 
the operation of the plant may be put on 
the most economical basis by dividing 
the suction lines to gain this end. 

To complete the analogy it is neces- 
sary to remember that in the operation 
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DIAGRAM ILLUSTRATING SIMILARITY OF FLOW OF HEAT AND WATER 


conveyer. The cooling water containing 
the heat from the steam condenser is 
shown in the diagram flowing away with 
the water from the driving conveyer and 
that from the refrigerating-machine con- 
denser with the water from the driven 
conveyer. 

The two sets of expansion coils, E: 
and E., located the one above the other, 
represent the different thermal levels or 
temperatures at which the heat is ab- 
sorbed in two cold-storage rooms. The 
different temperatures at which these 
two storage rooms are to be maintained 
is also represented by the hight of the 
spouts which deliver the water seeping 


rise until its corresponding temperatures 
have risen from —5 to 24 degrees Fah- 
renheit, or if these be the actual cold- 
storage temperatures required, until a 
temperature is reached sufficiently below 
the required cold-storage temperature to 
provide the thermal head necessary to 
produce the flow of heat from the air of 
the refrigerated compartment to the evap- 
orating refrigerant in the expansion coil. 
This increase in back pressure, from 10 
to about 36 pounds, as indicated on the 
scale at the right hand of the accom- 
panying figure, corresponds to a rise in 
water level in the shaft from 10 feet 
above the bottom to 36 feet, or just suffi- 


of the driving as well as the driven chain 
of buckets there are losses by friction in 
the bearings as in a steam engine and 
compressor; losses in capacity due to 
imperfect filling of the buckets corre- 
sponding to imperfect cylinder filling in 
a compressor; losses due to leaks in the 
buckets all along the line corresponding 
to leaks by valves and pistons of the 
steam engine and compressor, cylinder 
condensation and any other means by 
which a unit of heat can escape contribut- 
ing its share to the general cause of de- 
veloping power to produce refrigeration. 
In the case of the best steam-power 
plants, all but about 15 per cent. of the 
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heat “leaks away” without performing 
any useful work. In the average steam 
plant all but about 6 or 8 per cent. is 
lost, so that it is of the utmost import- 
ance that this small remaining percentage 
of heat be utilized to the best possible 
advantage. in the refrigerating machine. 

The next most important detail to be 
considered after that of keeping the 
compressor in good mechanical repair, is 
to see that the condenser pressure or 
point of discharge of the water is as low 
as possible and that the evaporating or 
back pressure is as high as possible, or 
that the buckets pick up the water at as 
high a level as possible. Assuming that 
the point of discharge of the water be 
100 feet above the bottom of the shaft, 
100 foot-pounds of work must be ex- 
pended in a theoretically ‘perfect ma- 
chine to elevate a single pound of water. 
At the efficiency of the average ammonia 
compressor, from 25 to 35 additional 
foot-pounds would have to be supplied 
to look after leaks and other losses. If 
all the water enters the shaft at A, a 
point only 65 feet below the point of dis- 
charge or 35 feet above the bottom of 
the shaft, and means of directing it into 
the buckets at this level be devised, only 
65 foot-pounds in a theoretically perfect 
machine, or only from 81 to 88 foot- 
pounds in a machine of the efficiency of 
an ammonia compressor, need be ex- 
pended to do the same amount of work. 

Assuming, similarly, that the refriger- 
ating machine, represented by the chain 
of buckets, discharges the heat at a tem- 
perature 100 degrees Fahrenheit above 
that of the colder refrigerator coil corre- 
sponding to the bottom of the shaft, which 
temperature, for the sake of similarity, 
may be taken at O degree Fahrenheit, 
the horsepower per ton of refrigeration 
would be 1.2194.* Interpolating to find 
the temperature from which heat equiva- 
lent to a ton of refrigeration can be 
raised by the expenditure of half that 
amount of power, or 0.6097 horsepower 
per ton, a cooler temperature of approxi- 
mately 42'%4 degrees Fahrenheit is ob- 
tained. 

If a refrigerating plant is so operated 
that the heat which enters the refriger- 
ator at such a temperature that it can be 
absorbed by a refrigerant at 42'% de- 
grees Fahrenheit has to be absorbed at 
Q degree Fahrenheit, in other words, if 
the plant is operated at 16 pounds back 
pressure when it could be operated at 
61 pounds, one-half the power will be as 
needlessly expended as would be the case 
if the water entering the shaft 50 feet 
above the bottom were allowed to flow 
to the bottom, requiring the buckets to 
lift it 100 feet instead of 50 feet. 

The example just cited need be none 
the less significant because of the un- 
usual back pressure of 61 pounds gage. 

*See table of horsepower per ton of refrig- 


eration—Schmidt, “Compendium of Mechan- 
ical Refrigeration,” page 449. 
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Except for selecting temperatures to 
agree with the feet-head of water already 
mentioned in the analogy, lower tem- 
peratures might just as well have been 
considered, for example: 

The horsepower required per ton of re- 
frigeration when the back pressure is 4 
pounds gage, corresponding to a tem- 
perature of —20 degrees Fahrenheit, 
and the same head pressure of 200 
pounds gage, corresponding to a tem- 
perature of 100 degrees Fahrenheit, is 
1.6090. Again interpolating the table it 
tnay be found that half this power per 
ton would be expended when the back 
pressure is 38 pounds, corresponding to 
a refrigerator temperature of 24.4 de- 
grees Fahrenheit. 

For convenience in comparison the 
foregoing figures are shown in the ac- 
companying table. 


“POWER TO PRODUCE REFRIGERATION 


REFRIGERATOR |CONDENSER HORSEPOWER 


Tem- 
Pres- | pera- 
Temper-{ sure, | ture, 
sure, ture, Lb. | Deg. 
Lb.Gage| Deg. F. |Gage}] F. | geration}| Cent. 


Per Ton 
Refri- 


Pres- 
Per 


16 200 | 100 | 1.2194 100 
61 423 0.6097 50 


4 200 | 100 | 1.6090 100 
38 24. 0.8045 50 


While from the foregoing it would 
seem inexcusable to operate a refrigerat- 
ing plant at a lower back pressure than 
is actually required to produce the de- 
sired temperatures, yet it is probable 
that not over 10 per cent. of the plants 
in commercial operation today are op- 
erating under anywhere near the ad- 
vantageous conditions with regard to 
back pressure that they should. 

The problem becomes less easy of so- 
lution as the number of different tem- 
peratures increases. Again following out 
the chain-pump analogy, let an extreme 
case be assumed in which 90 per cent. 
of the water flows into the shaft at a 
hight of 50 feet from the bottom, and 
the remaining 10 per cent. at the bottom. 
The theoretical amount of energy re- 
quired to raise one ton, or 2000 pounds, 
of water from the levels at which it 
runs in would be 
(2000 « 0.90 « 50) + (2000 x 0.10 « 

100) = 110,000 foot-pounds 
If all the water be allowed to flow to the 
bottom of the shaft it will take 

2000 « 100 = 200,000 foot-pounds 
er 81.8 per cent. more power than by 
the former method. If 90 per cent. of a 
ton of refrigerating duty be performed 
at 24.4 degrees Fahrenheit, and 38 
pounds back pressure and the remaining 
10 per cent. of the ton at — 20 degrees 
Fahrenheit and 4 pounds back pressure, 
the actual amount of power required will 
be 
(0.90 « 0.8045) + (0.10 « 1.609) = 

0.8849 horsepower 
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but if the expansion coils for producing 
both temperatures are connected into a 
common suction line so that all of the 
work of refrigeration has to be done at 
—20 degrees Fahrenheit and 4 pounds 
back pressure, the power required will 
be 1.6087, or, as in the case of the water, 
81.8 per cent. more than by the former 
method. 

To avoid expending this additional 
amount of power the same solution pre- 
sents itself in both cases in question. 
Two separate machines may be installed, 
one to perform the more difficult work 
of raising the lesser amounts of water or 
heat through the greater distance, and 
the other to perform the less difficult 
work of raising the larger amount of 
water or heat through the lesser dis- 
tance. Either two compression or two 
absorption machines may be detailed to 
the two duties, or, on account of the 
higher efficiency of the absorption over 
the compression machine when operating 
on very low temperatures, the work may 
be allotted to one compression and one 
absorption machine; or a unit may be 
employed of the proper capacity for 
raising all of the water or heat from the 
higher level, while a second unit is em- 
ployed to raise the lesser amounts of 
water or heat from the lower level to 
the middle level where the other machine 
begins to operate. 

If in refrigerating plants equipped with 
a single double-acting compressor, or two 
single-acting compressors, the high- and 
low-temperature loads are so propor- 
tioned that one end of a double-acting 
compressor can be made to handle the 
high-temperature load and the other the 
low, or in the case of two single-acting 
compressors, the load may be similarly 
divided between the two compressors, the 
maximum efficiency of operation may be 
obtained. 

Still another way out of the difficulty, 
and one which avoids many complications 
arising in the preceding case, is to allow 
the buckets to run to the lower level 
and pick up such load as there may be, 
whether large or small, after which the 
additional load is taken on at the higher 
level. By this method the load is picked 
up at whatever level it happens to oc- 
cupy. 

When applied to the compressor of a 
refrigerating machine, the method is to 
admit the lowpressure gas returning 
from the coldest expansion coils directly 
into the cylinder. When a sufficient part 
of the stroke has been completed to 
provide for the low-pressure gas, a sec- 
ondary suction valve is opened and the 
higher-pressure gas from the higher-tem- 
perature expansion coils is introduced. 
The low-pressure gas is prevented from 
returning through its suction line by the 
closing of the low-pressure suction 
valves or simply a check valve in the 
low-pressure line. 
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The Christie Air Steam Engine 


Your article of September 5 on the 
Christie air-steam engine was grossly 
unjust and especially to Prof. E. J. 
Christie. He is not an officer nor a di- 
rector in the company and so far as he is 
concerned the publication under the lowa 
law is a libel. 

Professor Christie has taught thermo- 
dynamics in three different colleges and 
a university. His first announcement of 
the theory over two years ago was un- 
derstood and published by some of the 
best informed men in this country, among 
them H. B. MacFarland, M.M.E., and 
Frank Richards, author of “Richards on 
Compressed Air.” You have been grossly 
misinformed and we trust that you are 
willing to aid us in giving the truth to 
the public. 

We recognize that the engine must 
stand on its merits. It takes time and 
money to make tests and we are doing 
the best we can and will furnish data 
as we get them. 

The engine is especially designed for 
the work in hand and can be operated 
with a 28-, 30-, 32-, 34- or a 36-inch 
stroke. This changes the clearance. The 
engine has four speeds: 80, 100, 125 and 
150 revolutions per minute. It is built 
for steam pressures up to 200 pounds 
per square inch and this should be borne 
in mind in computing its maximum horse- 
power. 

The steam is the source of power. The 
air itself neither produces nor absorbs 
power, except to the losses due to fric- 
tion and radiation in handling it. By 
noting Fig. 1 it is at once plain that 
while air is expanding (with steam) in 
one end of the cylinder, a like volume 
of air is being compressed in the op- 
posite end. These two air forces are 
thus balanced, subject to losses to fric- 
tion and radiation. While air is enter- 
ing one cylinder head with the pressure 
of the atmosphere forcing it in, the ex- 
haust is being pushed out against the 
back pressure of the atmosphere. These 
two forces are likewise balanced and 
thus the exhaust is expelled at the mere 
cost of friction and radiation. In the 
regular noncondensing steam engine the 
piston is pushed forward by the steam 
and the cylinder is left full of steam 
which must be pushed out against the 
back pressure of the atmosphere. This 
requires 14.7 pounds of steam pressure 
per square inch of piston area up to the 
point of closing the exhaust valve. A 
piston with an area of 100 square inches 
requires a total of 1470 pounds of pres- 
sure to expel the exhaust. In the or- 
dinary steam engine, steam balances the 
external pressure of the atmosphere, 


while in the Christie air-steam Corliss 
engine the air balances the external pres- 
sure of the atmosphere. 


By John T. Christie * 


Mr. Christie replies to 
our criticism of las engine 
in the September § issue. 
The reply is taken largely 
from the original pros pec- 
tus and contains mostly 
generalities. For further 
comment see the editorial 
pages of this assue. 


*Secretary of the Christie Engine Company. 


The steam from the boiler rushes in 
and does the work of pushing the piston 
forward to the point of cutoff C, Fig. 2, 
and a mixture is thus formed at or very 
nearly the same temperature as_ the 
steam. If we compress the air into a 
clearance space of 1 cubic foot and the 
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at 100.6 pounds pressure and at nearly 
328 degrees temperature. In the mixture 
the pressures will be. in the ratio of the 
volumes or two-thirds air pressure and 
one-third steam pressure. The steam in 
the mixture will have an approximate 
pressure of 33 pounds and the same tem- 
perature as the mixture, 328 degrees. 
The temperature of saturated steam at 
33 pounds is 255.8 degrees. The steam 
in the mixture cannot condense until it 
falls to less than this temperature. The 
difference between the two temperatures 
is 73.2. degrees, which represents the 
degrees of superheat produced by thus 
mixing steam and compressed air. Hence 
the engine has the benefit of initially 
superheated steam. 

In the condensing steam engine, great 
volumes of cooling water are pumped 
through the condenser in an attempt to 
create a vacuum and only a partial one 
is formed, while in the Christie air- 
steam Corliss engine a perfect vacuum 
is obtained, without the use of the con- 
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pressure is 100.6 pounds and the tem- 
perature the same as saturated steam, 
328 degrees Fahrenheit, and if the steam 
enters at the same pressure and tem- 
perature and pushes the piston forward 
until the total volume of steam and com- 
pressed air is increased 50 per cent., we 
will then have 1% cubic feet of mixture 


DIAGRAM ILLUSTRATING CYCLE OF OPERATION 


denser or of water for condensing pur- 
poses. 

The compressed air reéxpands on a 
higher line of pressure than it costs to 
compress it because of its increased tem- 
perature when mixed with the steam. If 
at the point of beginning compression 
the air has a temperature of 125 degrees 
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and if at the end of the expansion stroke 
the steam has a pressure of 7.3 pounds, 
then both the air and the steam will 
have a temperature of 179 degrees (see 
Fig. 2, in which O B represents the com- 
pression line and BM the expansion line 
of air. The shaded space represents 
the relative pressure of the steam in the 
mixture). This added work of the air is 
produced from the heat borrowed from 
the steam. The specific heat of steam 
being twice that of air, if a volume of 
steam is lost in this way, approximately 
two of air are returned. For this reason 
the steam must enter the cylinder at the 
same or a higher temperature than the 
compressed air. If the heat of the com- 
pressed air is transferred to steam, the 
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Fic. 2. SHOWING EXPANSION OF AIR AND 
STEAM IN CYLINDER 


total volume is shrunk, instead of being 
increased. 

It will be noted that the air, when re- 
expanding with the steam, has a higher 
temperature and consequently a higher 
pressure than during compression, per- 
forming more work in reéxpanding than 
it cost to compress it. To perform this 
extra work, heat is transferred from the 
steam over to the air. The direct work 
done by the steam in the mixture, to- 
gether with the extra work done by the 
air with the heat borrowed from the 
steam, is exactly equivalent to the work 
which the steam would perform if it 
were expanded alone to the same final 
absolute temperature as that of the mix- 
ture. The extra work performed by the 
‘air in the mixture is exactly equivalent 
to the. extra work the steam would per- 
form if expanded alone to the same final 
temperature. The total work from the 
heat of the steam in the mixture thus is 
net, subject of course to the losses suf- 
fered to friction and radiation. 

The net result is that the work of the 
steam has been condensed into a shorter 
stroke with a higher terminal net pres- 
sure than if it had been expanded alone 
in a perfect vacuum to the same ter- 
minal temperature. 

It must be borne in mind in ex- 
panding steam from a high pressure to 
a low terminal pressure in a single cyl- 
inder that the cylinder volume must be 
approximately the same as the total vol- 
ume in the high- and low-pressure cyl- 
inders of a compound-condensing engine. 
If the reader will consult “Peabody’s 
Steam and Entropy Tables” he can find 
the expansion work of steam (after cut- 
off) to any final pressure, together with 
its final volume. In the Christie air- 
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steam engine cylinder, this final volume 
will not be so great because a part of it 
will have been condensed in reheating 
and reéxpanding the air. 

In the work so far we. have demon- 
strated that the highest pressure at which 
saturated steam can ‘be worked with 
economy is at or near 110 pounds from 
the boiler. Above this pressure the tem- 
perature of the compressed air rises more 


rapidly than the temperatures for corre-— 


sponding pressures of saturated steam, 
in which case the compressed air is 
cooled by the steam, so that the air can- 
not return in work what it cost to com- 
press it. In going to higher pressures, 
superheated steam must be employed. To 
get the best results even with super- 
heated steam it would seem that the 
temperature of the steam should be but 
little higher than that of the compressed 
air. 


ENGINE TESTED 


Waterloo, Ia., August 26, 1911. 
To Whom It May Concern: 

This is to certify that on Saturday, 
August 26, 1911, a five-hour economy 
test run was made on the Christie air- 
steam Corliss engine at the Christie En- 
gine Company’s plant in North Water- 
loo, Ia. The engine was loaded by means 
of a prony brake. The indicated horse- 
power of the engine was determined by 
using an improved American-Thompson 
indicator. Readings were taken in each 
cylinder every 15 minutes. 

The length of stroke in each of the 
two cylinders was 32 inches and the 
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Fic. 3. INDICATOR DIAGRAM 
diameter of each cylinder 14 inches. The 
engine was run at a constant speed of 
104 revolutions per minute. The steam 
pressure in the boiler was maintained at 
from 115 to 125 pounds. 
by the boiler, which furnished steam 
for this engine only, was very accurately 
weighed. The run being of five hours’ 
duration was sufficiently long to furnish 
data for quite accurate results. 

The results obtained are as follows: 
The temperature of the exhaust, meas- 
ured not over 12 inches from the cyl- 
inder, remajned constant at 184 degrees 
Fahrenheit. Referring to the steam tables, 
this temperature corresponds with an ab- 
solute pressure of 8.19 pounds. The 
temperature of exhaust of noncondensing 
steam engines at the same distance from 
the cylinder would be 212 degrees Fah- 
renheit, with atmospheric pressure at 
14.7 pounds. 
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The indicator cards showed an average 
of 66.6 indicated horsepower. In secur- 
ing this result a constant and fixed load 
was maintained on the brake. The water 
used by the engine per hour was 1750 
pounds or 26.35 pounds per hour per in- 
dicated horsepower. | 


JOHN T. CHRISTIE. 


The water used - 


Prime Movers for Auxiliary 
Machinery. 
By W. J. A. LONDON 


The increasing use of the small steam 
turbine for driving the auxiliaries in large 
power plants raises the interesting ques- 
tion as to why this is taking place. There 
are at the present time three types of 
prime movers for auxiliary machinery, 
the electric motor, the reciprocating en- 
gine and the small steam turbine. The 


main factor to be considered in auxiliary 


machinery is the question of reliability; 
the efficiency, owing to the small percent- 
age of power absorbed, being a secondary 
consideration. It must be borne in mind 
that station costs are quite a factor, as 
modern plant managers do not contem- 
plate skilled labor for attendance, so that 
the question resolves itself into the con- 
sideration of reliability, economy, mini- 
mum amount of attendance necessary and 
elimination of accidents. 

While the motor drive is often the most 
efficient, it may not be if the auxiliaries 
are run noncondensing and there is 
capacity in the heaters to use all of the 
exhaust steam. The electrically driven 
auxiliary is clean and can be installed in 
a simple manner; the wiring is more 
flexible than steam and exhaust piping; 
it is easy to start and stop. 

But condenser pits are not the driest 
places on earth. The dangers to the at- 
tendants from electrical leakage are often 
serious, and should the main current 
fail for any reason, all the auxiliaries 
are put out of commission. 

When steam-driven auxiliaries are 
used, they take the motive power direct 
from the boilers which are generally “1e 
last units to fail in a power station, thus 
eliminating the possibility of failure of 
any intermediate apparatus. 

Steam-driven auxiliaries may be 
divided into two classes: reciprocating 
engines and steam turbines. The re- 
ciprocating engine naturally requires 
more attention than a motor, and cylin- 
der lubrication is necessary; it results in 
a discharge of oil to the heater or to the 
condenser and therefore to the boiler. 
The wear which takes place in reciprocat- 
ing engines is naturally greater than in 
an electric motor, and the renewals of 
parts is more frequent. 

The growing tendency to use superheat 
is a factor and this is responsible for 
the supplanting of many reciprocating 
engines by small turbines. The recipro- 


cating engine is in some cases superior 
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to the steam turbine in steam economy, 
but there are many cases where the re- 
verse is true. 

With regard to motor drive and recip- 
rocating engines, there is the simplicity 
of the motor as compared with the re- 
ciprocating engine, but the turbine very 
nearly approaches the simplicity of 
the motor. There is the steam piping 
the same as with the engine, but the dan- 
gers of insufficiently warming up and of 
forgetting to open pet cocks is eliminated 
in the case of the turbine. A steam tur- 
bine properly designed for the work is 
not injured by a slug of water as is the 
case with a reciprocating engine. There- 
fore in this respect it requires less atten- 
tion than an engine and very little more 
than a motor. The question of oiling is 
almost identical with that of the motor, 
so that the regular attendance is prac- 
tically the same in both cases. 

The simplicity of construction of the 
modern small turbine is in itself indic- 
ative of its fitness for work where re- 
liability, minimum of attendance, main- 
tenance and repairs are important fac- 
tors. Some engineers express the view 
that there will be no excuse for having 
anything but turbines for driving power- 
plant auxiliaries in the near future. 


Operating Maintenance Ex- 
pense Accounts 


At the annual convention of the Ameri- 
can Electric Railway Accountants’ and 
Engineering Associations, held at Atlantic 


1910 Report 


AccouyTt No. 30.—MAINTENANCE 
LANT EQUIPMENT: 


3001 Maintenance of engines, turbines and 
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pumps 
3002 Maintenance of boilers, including fur- 
naces, stokers and settings. 


3003 Maintenance of pipe system, includ- 
ing steam, exhaust, oil, air and gas 
pipes, all fittings, valves and eover- 
ings. 

3904 Maintenance of auxiliaries, including 
economizers, condensers, cooling 
towers, ash and coal elevators, other 
elevators, etc. 


3005 Maintenance of electric plant. 


2006 Miscellaneous, including such items as 
steam gages, steam and _ water 
meters, feed-water controllers, 
damper regulators and similar de- 
vices. 


Account No. 31.—MAINTENANCE 
STATION EQUIPMENT: 


3101 Maintenance of electric plant. 


OF Sus- 


3102 Miscellaneous substation maintenance. 
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City, N. J., October 9 to 13, the sub- 
committee on the review of the 1910 re- 
port on operating-maintenance expense 
accounts considered it advisable to elabo- 
rate the subdivisions as there seemed to 
be a lack of knowledge as to their flex- 
ibility, and there were possibilities of fur- 
ther subdivisions of the subaccounts of 
the 1910 report. 

The suggested changes for the mainte- 
nance of power-plant and _ substation 
equipment are included in the accom- 
pany table. 


The Manometer as a Lung 
Tester 


By JOHN FRENCH 


There were four of us seated around 
the big fireplace in which a blazing 
pyramid of pine logs was roaring. After 
a silence of several minutes, interrupted 
only by the crackling of the flames, 
Newton Steers, who was_ purchasing 
agent for a big engineering firm, burst 
out with, “Say, fellows, I have a prob- 
lem for you.” 

“Fire ahead!” came the chorus. 

“Today a man came in trying to sell 
me some gages, and just as he was leav- 
ing, minus a couple of cigars and with an 
order tucked away in his pocket, he 
asked: ‘How many pounds pressure do 
you think you could maintain with your 
lungs?’ ‘You have me there,’ I said, 
filling my lungs and trying to blow.” 


1911 Suggestions 


3001-A 
3001-B 
3002-A 


3002-B 
3002-C 
3002-D 
None. 


Maintenance of engines. 
Maintenance of turbines. 
Maintenance of furnaces, including 
grates and grate supports. 
Maintenance of stokers. 
Maintenance of boiler settings. 
Miscellaneous boiler repairs. 


Maintenance of pumps. 

Maintenance of economizers. 

Maintenance of condensers. 

Maintenance of heaters. 

Maintenance of ash and coal maehinery. 

Maintenance of coa! towers. 

Misoellaneous auxiliary repairs. 

Maintenance of direct-current generators. 

Maintenance of alternating-current gen- 
erators and compensators. 

Maintenance of exciters. 

Maintenance of rotary converters. 

Maintenance of transformers and cooling 
Systems. 

Maintenance of switchboards, including 
busbars, oil switches and instruments. 

Maintenance of storage batteries and 
charging outfits. 

Wiring. 

Miscellaneous electrical items. 

Cranes, hoists, etc. 

Miscellaneous steam instruments, ete. 


3006-A 
3006-B 


3101-A 


Maintenance of rotary converters. 
3101-B 


Maintenance of transformers and cooling 
Systems. 

Maintenance of switchboard, including 
busbars, oil switches afd instruments. 

Maintenance of storage hatteries,- in- 
cluding charging outfits. 

Wiring. 

Miscellaneous electrical items. 

Cranes and hoists. 

Air compressors, vacuum cleaners and 
other nonelectrical devices. 
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“Came kind of natural, didn’t it?” 
interrupted Russell Herder. 

Newt continued without paying any 
attention to the last remark, “ ‘About 
ten pounds, I guess.’ ” 

“Gee,” came from Jack Barrington, 
who up to this time had maintained a 
discreet silence, “I bet I could blow over 
fifteen.” 

“No, you couldn’t!” cried Russ, “You 
would be lucky if you could make it 
eight.” 

“About twelve pounds is my style,” 


Test YouR LUNG CAPACITY 


I observed, as I blew out a big cloud 
of smoke as if to back up my statements. 

“We all agree so nicely, I tell you 
what let us do,” said Newt; “tomorrow 
is Saturday so we will be free in the 
afternoon. Let us go out to the ‘lab’ and 
each take a blow on one of Russ’ mer- 
cury manometers; then the man that 
made the nearest guess to our average 
blow will be invited to a ‘blowout’ by 
the rest.” 

“That’s a go!” we all cried. 

“You’ll need one over three feet high,” 
said Jack, “or we will blow the mercury 
all out of it.” 

“Never you mind, Jack, old boy,” re- 
plied Russ, “I have a manometer that 
will balance all you can blow, and more 
too.” 

To make a long story short, the next 
day we all had a try on the manometer 
and that evening a bang-up dinner for 
which one of us did not have to dig 
down in his pockets. 

If any of the readers of Power are 
interested to know who got the dinner, 
let them try and see how many pounds 
they can blow. It won’t be far from 
what we did. 


— 


The total enrolment of students at the 
University of Illinois on October 1 at 
Champaign-Urbana was 3620. Of this 
number, the College of Engineering is 
credited with 1206, distributed as fol- 
lows: Architecture and architectural en- 


gineering, 306; civil engineering, 251; 
electrical engineering, 290; mechanical 
engineering, 275; mining engineering, 21; 
municipal and sanitary engineering, 27; 
railway engineering, 36. 
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Jeffrey Single Roll Coal 
Crusher 


The Jeffrey single-roll coal crusher, 
Fig. 1, is designed to reduce run-of-mine 
coal to 34-inch size and under in one 
operation, and can be set for any size 
product from 8 inches to 34 inch. The 
crusher is self-feeding and can be lo- 
cated directly beneath the receiving hop- 
per or bin, no other feeding device be- 
ing necessary. It is strongly built to 
withstand extra-hard continual service 


Fic. 1. SINGLE ROLL Coat CrusHER 


and is equipped with a safety device 
against destruction due to foreign sub- 
stances getting into the rolls. 

The crusher consists of a heavy cast- 
iron frame in which are mounted a 
crusher roll and a breaker plate. The 
breaker plate is hinged at its inner edge 
and is held in position by a pair of ad- 
justing rods at the lower end by means 
of which the clear opening between the 
breaker-plate shoe and the surface of 
the roll can be adjusted to give any size 


Fic. 2. CRUSHING ROLL AND TEETH 


of coal required. As the concave breaker 
plate acts in conjunction with the roll, it 
makes a form of maw with a very small 
angle; hence the machine will grip a 
very large lump of coal and reduce it to 
a size that will pass through the opening 
between the roll and the plate. 

The crusher roll is shown in Fig. 2. The 
toothed segments are bolted to the con- 
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vex surface of the drum so as to com- 
pletely cover it. The frame and hopper 
are so arranged that by removing the 
steel guard plates access may be had to 
the bolt and the segments removed and 
replaced by new ones without disturbing 
either the roll or the hopper. The long 
hooked teeth not only act as feeders, but 
they grip the large pieces and break them 
up to.a size which will readily enter the 
maw of the machine. Narrow gaps in 
the shoe of the breaker plate enable the 
long teeth to pass without dragging over- 
sized pieces with them. By making the 
smaller teeth on the segments of the 
proper shape as shown, a proper reduc- 
tion is made with a minimum amount of 
slack coal. 

The toothed segments are usually made 


pins inserted in holes in the arms of 
the pulleys. When any undue strain 
comes on the machine from any cause, 
these wooden pins shear off and the roll 
stops while the pulley keeps on revolving. 
This forms a very efficient safety stop. 
After the cause of the trouble is removed, 
new wooden pins put the machine in 
operative condition. A pair of heavy 
springs are placed on the tension rod, 
but the springs do not move under or- 
dinary working conditions. When, how- 
ever, undue pressure comes on the 
breaker plate, the springs act as a cushion, 
giving way slightly, taking up the inertia 
of the parts and allowing time for the 
pins to shear without breaking more im- 
portant elements in the machine. This 
coal crusher is manufactured by the 
Jeffrey Manufacturing Company, Colum- 
bus, O. 


Goulds High Pressure Triplex 


Plunger Pump 


The Goulds Manufacturing Company, 
Seneca Falls, N. Y., has just placed a 
new high-pressure single-acting triplex 
power pump on the market. This pump 
is in general use in mines, waterworks 


GouLDs HIGH-PRESSURE TRIPLEX PLUNGER PUMP 


of very hard iron, each segment being 
in a single piece. When the work is ex- 
ceptionally severe the long teeth are 
made of cast steel and are inserted in the 
body of the segment or the segments are 
made entirely of manganese steel. 

The driving pulley is not keyed to the 
shaft, but is mounted on a separate hub 
which is driven through a set of wooden 


and with hydraulic elevators, fire-protec- 
tion systems, hydraulic presses, oil-pipe 
lines, etc. It is designed for pressures 
ranging from 215 to 1500 pounds. As 
shown by the illustration, the new pump 
has only one gear and pinion, which are 
located between the standards. 

Placing the gearing between the stand- 
ards necessarily lengthened one side of 
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the pump somewhat and increased the 
distance between the two valve boxes on 
that side. Instead of lengthening the 
pipe connection between the valve boxes 
on one set and making each set of a dif- 
ferent shape, a distance piece is put in 
as shown. In this way the three. sets 
of valve boxes are kept identical in form 
and are interchangeable. 


Richardson Electric Coal 
Scale 


The weighing mechanism of this new 
electric coal scale, shown in Fig. 1, con- 
sists merely of a cast-iron hopper sus- 
pended from one arm of a cast-steel 
weighing beam. The other arm supports 
an inclosed conically capped weighing 
receptacle for cast-iron weights. The 
actuating power is that of gravity supple- 
mented by electricity. The weighing is 


Fic. 1. RICHARDSON ELECTRIC COAL SCALE 


performed on a Closed electric circuit and 
the discharge is the result of the open- 
ing of the circuit. The operation of the 
scale is as follows: 

It requires but a _ 1/16-horsepower 
motor to feed the coal down the vibrat- 
ing chute by means of the vibrator, 
which weighs about 2 ounces, and is all 
that is needed to give the chute the nec- 
essary vibrating movement. As the vibrat- 
ing chute driven by the motor fails 
to vibrate until a speed of about 500 
revolutions per minute is reached, the 
motor does not receive its load until it 
has attained a proper speed. 

Presuming the weights for the prede- 
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termined quantity it is desired to weigh 
are in their receptacle, the weight-box 
end of the beam is depressed; the 
main electric switch of the scale is in, 
and the motor is started. This operates 
an eccentric at the opposite end of the 
chute, which causes the chute placed di- 
rectly over the’ weigh hopper to vibrate. 
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Fic. 2, OUTLINE OF ELECTRIC SCALE AND 
PARTS 


This chute is set at such an angle that 
when the vibration ceases the material 
lying in it ceases to. flow. 

The chute continues to vibrate until 
the weighing hopper descends to the bal- 
anced position, which action operates a 
switch in the box immediately behind 
the motor. When the switch breaks the 
motor stops; therefore the vibration stops 
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also, and the flow of material into the 
weighing hopper ceases instantly. 

Swinging on the bottom of the weigh- 
ing hopper is a valve which controls the 
discharge of material from the scale. 
While the hopper is receiving its load, 
this valve, or cast-iron door, is held 
closed by a magnet at the back. Sim- 
ultaneously with the cutting out of the 
motor the magnet is also cut out and 
the scale discharges its load into the 
spout below. The weight of coal is au- 
tomatically registered by a mechanical 
counter that is attached to the weighing 
hopper. 

The machine is not stopped or other- 
wise interfered with by foreign matter or 
large lumps within reasonable limits. It 
has no actual cutoff gate or valve to be- 
come choked or stopped in its action. 
The cutoff is caused simply by relying 
upon the angle of piling of the material. 

In Fig. 2 is a diagrammatic sketch 
showing an outline of the electric scale 
and its various parts, also the path of the. 
electric current. The application of the 
scale to a battery of boilers is shown in 
Fig. 3. 

This electric scale is manufactured by 
the Richardson Scale Company, 5 Park 
row, New York City. 


Invincible Steel Asbestos 
Gaskets 


A new gasket for use on water-tube 
boilers has been put on the market by 
Everybody’s Packing Company, Bourse 
building, Philadelphia, Penn. 

It is made of a heavy asbestos cord 
which is covered by a thin seamless steel 
jacket. A feature of this gasket is that 


Fic. 3. APPLICATION OF THE SCALE TO THE BOILER 
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it does not stick on the plates or header. 
It can easily be removed with a cold 
chisel, and no further cleaning of the 
plates is required, thereby eliminating 
labor. 

These gaskets are now being made for 
Babcock & Wilcox, Heine, Edge Moor, 
Keeler, Geary and Murray boilers. 


New Buffalo Exhaust Fan 


The Buffalo Forge Company, Buffalo, 
N. Y., has perfected a slow-speed multi- 
blade exhaust fan which is said to have 
proved exceptionally economical in power 
consumption. The high efficiency of this 
fan is attributed to the design of the fan 
wheel, which is illustrated in Fig. 1. The 
slow speed reduces the power consump- 


Fic. 1. ExHAUSTER BLAST FAN WHEEL 


tion, minimizes the wear and the cost of 
upkeep and it lengthens the life of the 
fan. 

The applications of the fan are almost 
as numerous as those of standard de- 
sign, as sawdust, shavings, spent tanbark, 


FALO 


Fic. 2. DouBLE REVERSIBLE STEEL-PLATE 


FAN 


grain, wool, cotton, dust, smoke, gases, 
etc., are handled. 

These fans,are made single or- double 
in sizes from 30 up to 80 inches in diam- 
eter, and for pressures from 1 to 6 
ounces. They are made with reversible 
housing. A double fan is shown in Fig. 2. 
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Cloth Pinions 


Cloth pinions which have been designed 
to reduce noise and increase their life 
are manufactured by the General Electric 
Company, Schenectady, N. Y. 

The blanks from which the pinions are 
cut consist of a filler of cotton or similar 
material confined, at a pressure of sev- 
eral tons to the square inch, between 
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Huhn Flexible Metallic 
Packing 


This packing consists of packing rings, 
garter springs, steam rings and a case 
which contains the combined rings and 
garter springs. 

Each white-metal alloy packing ring 
is made hollow and in two segments. 


TyPes OF CLOTH PINIONS 


steel side plates, the whole structure be- 
ing held together by means of rivets, or, 
in case of very small pinions, by threaded 
sleeves. After the teeth are t the 
cloth filler is impregnated with oil. Qloth 
pinions are said to be entirely impervious 
to moisture, unaffected by changes in at- 
mospheric conditions and absolutely ver- 
min proof. Three kinds of cloth pinions 
are shown in the accompanying illustra- 
tion. 

The teeth are sufficiently elastic to al- 
low the meshing teeth to bear evenly 
across the full width of the face, thereby 


The hollow portion is filled with graphite 
under hydraulic pressure, and the graph- 
ite is fed through small holes and lubri- 
cates the rods. 

The halves of each ring are drawn to- 
gether by means of garter springs which 
are inserted in the grooves of the pack- 
ing ring, as shown. 

The steam ring is made of either 
brass or bronze and in two or more 
segments, varying with the diameter of 
the rod. They are of sufficient diameter 
to engage the annular grooves which are 
made in the cage. 


HUHN METALLIC PACKING RING 


enabling the combination to absorbd 
shocks. The pinions are self-lubricatins., 
and have a wide range of applicatior. 

Ordinarily, the pinions furnished con- 
stitute the smaller members of the gear 
train, but practically any size and form 
of gear can be obtained, including a gear 
of large diameter consisting of a spider 
with cloth-filled rim. 


The joints of the segments are stag- 
gered with those of the packing rings 
and are maintained in position by lock 
pins. Details of the packing are shown 
in the accompanying illustration. 

This packing is manufactured by the 
American Huhn Metallic Packing Com- 
pany, 416 East Thirty-second street, New 
York City. 
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Evening Courses at Lewis 
Institute 


The schedule of continuation courses 
at the Lewis Institute, of Chicago, which 
is being given evenings and Saturdays 
and began October 9, includes engineer- 
ing, chemistry, physics, mathematics, 
drawing and languages. 

These courses are arranged so that 
they can be taken independently or in 
connection with regular college work or 
in series to form a logical development 
of the subject, and are designed to af- 
ford those who are employed an oppor- 
tunity to continue their vocational studies. 
Of the total enrollment of 3200 during 
the past season over 1800 were enrolled 
in the continuation classes. 

The engineering series includes engi- 
neering principles, electrical measure- 
ments, direct-current machinery, rotary 
converters in substation work, alternat- 
ing-current principles, transformers and 
transmission lines, alternating-current 
motors and generators, steam-engine test- 
ing, internal-combustion engine, struc- 
tural-steel design and concrete reinforced. 

The mechanic arts series includes me- 
chanical and architectural drawing, ma- 
chinery drawing and design, lathe and 
milling-machine work, tool and die and 
pattern making, foundry and forge work. 

The mathematics series is especially 
arranged for engineers and includes 
algebra, geometry, trigonometry, analytics 
and calculus. Work is also offered in 
English, Latin, German, French and 
Italian. 


International Association for 
Testing Materials 


At the fifth congress of the Interna- 
tional Association for Testing Materials, 
held at Copenhagen in September, 1909, 
it was voted, on the invitation extended 
by the American Society for Testing Ma- 
‘terials, to hold its sixth congress in this 
country in 1912. It will be under the 
patronage of President Taft and will take 
place during the week beginning Septem- 
ber 2, 1912, at the Engineering Societies 
building, New York City. 

One of the most important functions 
of this association is the establishment 
of standard specifications for materials 
used in manufacture and construction; 
improve the methods of testing; investi- 
gate properties which are capable of in- 
dustrial usefulness; unify the methods 
of testing throughout the world, and to 
introduce standard international reception 
Specifications for materials with a view 
to facilitating international trade. Twenty- 
eight countries are represented in the 
association’s membership. 

Under the stirring influence of Ameri- 
can industrial conditions the coming con- 
fress promises, through its interchange 
of experience and investigations, to act 
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with stimulating effect on these various 
subjects. 

As these specifications are of great 
value to engineers and others who are 
engaged in the purchase and use of the 
raw materials of the trades, H. F. J. 
Porter, secretary of the organizing com- 
mittee, urges that all concerned join the 
association in order to attend the con- 
gress and aid in establishing these speci- 
fications. 

Full information can be had by ad- 
dressing H. F. J. Porter, secretary, 1 
Madison avenue, New York City. 


Educational Program, Chicago 


Branch, ‘I. O. E. 


For its monthly meetings from October 
until May, the Chicago branch of the 
Institute of Operating Engineers has 
planned an interesting educational pro- 
gram of lectures, the first, of which, 
“Some Future Possibilities of Steam 
Power,” by Osborn Monnett, was de- 
livered on October 3. 

The following lectures will be given 
during the season: November 7, “Steam 
Boilers,” by J. P. Fleming; December 5, 
“Steam Piping,” by W. L. Fergus; Janu- 
ary 2, “Reciprocating Engine Practice,” 
by F. J. Davidson; “Uses of Steam Tur- 
bines under Special Conditions,” by 
Edwin D. Dreyfus; “Gas Producers,” by 
H. F. Smith; “Oil Engines,” by J. C. 
Miller; ‘“Power-plant Economics,” by 
G. F. Gebhardt. 


High Record for Continuous 
Pumping 

In his report to the general superin- 
tendent of the Cincinnati waterworks, 
S. G. Pollard, superintendent of opera- 
tion, says that the average pumping duty 
at the main pumping station, for nine 
months, based on plunger displacement, 
was the equivalent of 144,869,000 pounds 
of water raised 1 foot high for each 100 
pounds of coal. 

This record stands alone for con- 
tinuous pumping-station economy, and 
Mr. Pollard says that, so far as he is 
aware, it has never been approached by 
any pumping station in the world. 


Hiram Hawes’ B’iler Laws 
By H. E. HOPKINS 


It’s gol’ding funny for me to say, 

But a busted Diler paved ther way 

For attemptin’ some re-dic’lous laws 

On ther part of Honer’ble Hiram Hawes. 
He'd represented us quite a spell 

An’ ther folks to home had heerd him tell 
That in ther House of his native State 
There’d be some doin’s! But I cal’late 

Ther noise Hi made was exceedin’ light, 

An’ ther folks back home was disgusted quite, 
For they wrote to him: “See here, Hi Hawes, 
Ye ain’t done nothin’ to help ther cause!” 
Then Hi searched ’round for some ve-hicle 
That’d haul him out of this bad pickle. 

His wits got workin’, likewise his jaws: 

“T hev whoops Hi: b’iler laws!” 
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A Diler had bust in his balliwick— 

In fac’, had soared to ther sky so quick 
That it sent to glory young Zeke Struthers 
An’ more or Jess injured thirteen others. 
“Jiminy crickets! sez old Hi Hawes, 
“T'll draft a bill to perhibit them flaws 
From sending D'ilers inter ther skies, 

So, widders and orphens, wipe yer eyes!” 
One fine day Hi riz from his chair 

An’ to his colleagues did declare: 

“This is act one-seventy-eight 

Which is intended to regulate 

An’ run all b'ilers by set rules 

Better'n laid down by books an’ schools. 
Some State rules may hev more cultur’, 


But these laws hev more ne plus ultra. 
All DWilers must use ther B.t.u. 


Whether they hev ther tube or flue; 
This is ther way to measure thet heat 
An’ for most D’ilers can’t be beat. 
There's Centigrade and Fahrenheit 
That some folks sez are out o’ sight, 
But these strange names might make confusion 
In our new laws is my conclusion. 
Bilers that are allowed to rust 

Soon get et up apn’ quickly bust; 
Ther same appertains to tube an’ bolt 
As this grim destroyer takes its holt. 


‘When b'ilers show signs of r.p.m. 

It’s time to move away from them.’ 
This is a starter for Section 1— 
‘Twill stop so many risks bein’ run. 
Section 2 prescribes thet ‘ther shell 
Shall be made of steel an’ riveted well.’ 
Most bD'ilers are best when kep’ indoors; 
Then ther engineer kin do his chores 
An’ be pertected from rain an’ sun. 
Bilers is queer, when all’s said an’ done. 
I've heerd of -one of the wooden type— 
But ther time fer them is not quite ripe— 
Its trouble wuz not thet she got rusted; 
She swelled up so thet ther dum thing busted. 
Section 3: ‘You must reduce ther pounds 
When a D'iler grunts an’ makes strange sounds.’ 
Some things should be said about h.p., 
Ther meanin’ of which ain’t clear to me. 
It might be used as a sep’rate clause 
An’ later put in ther reg'lar laws. 

An honer’ble member sez: ‘High proof,’ 
But that means speerits. I hold aloof 
From things that favor ther demon rum. 
An’ I riz my voice in protest high—.” 


‘Just when Hi Hawes hed reached this p’int 


Ther members’ noses got out of j‘int, 

An’ from them members, “wets” an’ “drys,” 
Came words that caused quite some surprise: 
“We ain't no use for yer Diler laws! 

Shet up! Set down, Mister Hiram Hawes!” 
No man with sech re-dic’lous idees 

Could ever hope his deestric’ to please, 

An’ now in his place sets Jonadab Shute. 
As fer Hiram, nobody gives a hoot: 

He stays to home, a-minding’ his cows 

An’ mixes hisself in no more rows. 
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Moments with the Ad. 


In some direct, illuminat- 
ing words about the Hill 
publications, the Old Man 
the other day said: 


“As a matter of fact, 
these papers of ours are not 
newspapers or magazines at 
all. They are engineering 
tools to work with.” 


The truth could not be better stated, and 
in the case of Power it has a particular 
application. For Power that statement 
might be translated into: 


‘POWER is a personal jackscrew to shove 


upward with.” 


POWER is built to furnish just that per- 
sonal upward jackscrew shove, once you 
take hold of the handle and turn. As we 
see it, it wouldn’t be worth publishing other- 
wise. 


If you, for instance, happen to be a man 
to whom the phrase “shove upward”’ isn’t 
chock full of significance and stimulus, POWER 
isn’t worth while to you. You oughtn’t ‘to 
subscribe. For the man who does that cheats 
us into believing we have one more unit to 
add to our argument when we talk to adver- 
tisers about what POWER can do. 


Here’s the reason: 


The only thing that keeps a paper like 
Power from being run at a money loss is the 
advertising. 


And firms buy space in POWER to advertise 
what they have to sell because it is represented 
to them that POWER is subscribed for and 
read by men who are precisely the sort that, 
by their live-wire interest in and up-to-the- 
minute knowledge of everything hitting the 
power plant are going to get after the Boss, 
get a grip on him, swing him over to the 
action they are convinced is right, whenever 
“Which to buy?” “What to do?” turns 
up in that department. 

Take coal. You see a coal ad.in POWER 


that gets a hold on you. You have that coal 
tested out. It “lives up to the ad.” Then, 


department 
tor subscribers 
edited by the ad- 
vertising service 

department of 
Power 


by persistent hammering on 
the Purchasing Agent, and 
through him on the Boss, 
you make the next coal con- 
tract follow the lead of that 
test, and the new coal, in the 
course of a month, proves a 
money saver of ten big letters. 


Suppose you are going to be disregarded 
in the plant any longer? Not when the 
calender reads 1911. For you have worked 
yourself up longside, or even a little beyond 
perhaps, the heads of some other depart- 
ments—that have been making a showier 
splurge about “scientific efficiency.”’ 


With Power as a jackscrew, you have 
shoved yourself up. 


In that you are a typical POWER man. 


So, when we tell the big advertisers that 
the character of Power readers is what is 
stated above, we represent truth. There’s 
a pull from somewhere that brings those 
firms orders—and they know it’s from you. 
You can play your last dollar they wouldn’t 
keep on advertising in Power if they didn’t 
feel the pull and didn’t know where it came 
from. 


If you weren’t a. POWER man, in this jack- 
screw-up sense, you wouldn’t be reading 
POWER, so there’s no use talking about 
“happen to be”’ at all. 


But if ever one of the other kind got hold 
of POWER, by mistake, we would say to him 
this: 


Cut out PowEr. 


Spend the time and money on Sunday 
supplements or the picture magazines. 


They don’t care who reads them. 
POWER does care—most emphatically. 


And knows that its readers believe in this 
latter-day advertising, read it and buy from 
it. 


Pin your faith in the advertised article 
and you can’t go far wrong. © 
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BUSINESS ITEMS 


A new catalog of the Taylor stoker has just 
been issued by the manufacturers, the Amer- 
ican Ship Windlass Company, Providence, 
R. I. The stoker is well illustrated with the 
parts named in several views. Other illus- 
trations show well known power plants, such 
as the New York Edison Waterside station, 
the Christian Street station of the Phila- 
delphia Electric Light Company, the Detroit 
Edison Company, the Everett Mills, of Law- 
rence, and the Oxford Paper Company, of 
Rumford Falls, Me. An interesting cut is 
shown of the largest stokers ever built, these 
being the two 14-retort stokers for the Hart- 
ford Electric Light Company. 


“Scientific Lubrication of Machinery” is the 
title of an attractive 48-page publication is- 
sued by the Richardson-Phenix Company, 
Milwaukee, Wis. This book gives a detailed 
description of Richardson-Phenix individual 
oiling and filtering systems and their many 
types of oil filters, mechanical lubricators, oil 
and water separators, sight feed and gang 
oilers, union-cinch pipe fittings and sight flow 
indicators, ete. It also contains an interest- 
ing discussion on the need and economy of 
good lubrication and has several pages de- 
voted to the nature and choice of oils, giving 
simple means by which they may be tested. 
The information regarding the qualifications 
of various kinds of oils for different kinds of 
service should be of value to engineers. 

The Vilter Manufacturing Company, 854 
Clinton street, Milwaukee, Wis., has lately 
acquired an extensive piece of real estate op- 
posite its present plant for the purpose of 
increasing and improving its facilities. Part 
of the new property will be immediately util- 
ized for the purpose of erecting thereon a 
pipe shop 270 feet long and 120 feet in width, 
equipped with the latest improved appliances 
for the machining and handling, as well as 
storing of pipe used in connection with the 
refrigerating and ice-making plants built by 
this company. ‘The new shops of this concern 
will also be served by a spur from the Chi- 
cago & Northwestern railway. This new ac- 
quisition gives the Vilter Manufacturing 
Company considerable additional space cover- 
ing more than three acres. 


A contract has recently been awarded the 
Westinghouse Electric and Manufacturing 
Company, by the Bureau of Yards and Docks, 
Navy Department, for furnishing and instal- 
ling a complete equipment consisting of 
motors and control apparatus for two large 
electrically operated pumps, for dry dock No. 
2 at the Tnited States Navy Yard, Norfolk, 
Va. The electrically driven pumping equip- 
ment to replace engine-driven pumps __in- 
stalled some years ago, is with a view to 
making the operation of pumping much more 
economical. There will be two centrifugal 
pumps, each having a discharge opening of 
42 inches in diameter, and each driven by 
a Westinghouse 300-horsepower type HF in- 
duction motor. There will be also one small- 
er pump having a 15-inch discharge and 
driven by a 65-horsepower type CCL induc- 


tion motor, and in addition a small bilge 
pump with a  3-horsepower’ motor. The 


pumps are being built by R. D. Woods & Co., 
of Philadelphia. 


HELP WANTED 


idvertisements under this head are in- 
serted for 25 cents per line. About sig words 
make a line. 


MILLWRIGHTS WANTED for new pulp 
mill in Quebec. “B. H. E.,” Pownr. 


WANTED—Thoroughly competent steam 
Specialty salesman; one that can sell high- 
grade goods. Address “M. M. Co.,” Power. 


AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn Street, 

cago. 
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AGENTS WANTED for first-class steam 
specialty in use throughout United States. 
Address C. S. Wood, 410 §. 15th St., Phila- 
delphia, Penn. 


WANTED—Representative in New England 
territory for well known automatic feed water 
regulator. Address ‘“Vigilant,’’ 410 Harrison 
Bldg., Philadelphia, Penn. 

ENGINEER wanted in every city to sell 
Lippincott indicators, and instruct buyers; 
see advertisement, page 77, Power, October 
3. Address Lippincott Co., Newark, N. J. 

THE VULCAN SOOT CLEANER offers an 
exceptional opportunity for power specialty 
salesmen. For further particulars address 
G. L. Simonds & Co., 802 Steinway Bldg., 
Chicago, Il. 

ONE ENGINEER in each town to represent 
us, your choice of any indicator outfit on the 
market as a free premium; give your home 


nddress and firm employed by. The Olson 
Mfg. Co., Manitowoc, Wis. 
AGENTS WANTED—To sell lubricating 


oils, belts, hose, paint and varnish, for power 
machinery, to factories, milis, auto owners, 
stores, threshers; exclusive territory to right 
party: oil experience unnecessary. Manutac- 
turers Oil & Grease Co., Cleveland, Ohio. 
SELLING AGENTS wanted in important 
centers for Betson’s plastic fire brick; it 
readily interests everyone having the usual 
troubles with boiler and furnace fire’ brick 
arches and lining. See page 103 of this is- 


sue. Betson Plastic Fire Brick Co., Rome, N. Y. 
STEAM ENGINEER to take charge of 


power plant, New England paper mill, operat- 
ing one thousand engine horsepower; none 
but thoroughly competent engineers need ap- 
ply; references required; state salary and 
present employment, signed. “Steam Engin- 
eer,” Care POWER. 

MILL SUPPLIES—An energetic and cap- 
able man who has had the experience which 
would come from association with the mill 
supply business, can secure an excellent po- 
sition as salesman with a large manufac- 
turer; applicant should state age and give 
brief history of business experience. Address 
“Supplies,” Care POWER. 


SITUATIONS WANTED 


Advertisements under this head are in- 
serted for 25 cents per line. About six words 
make a line. 


CHIEF ENGINEER, well recommended, 
has wide experience, technical and practical, 
wishes position, New York City preferred; 
office building or manufacturing plant. Box 
417, PowERr. 

ENGINEER desires change: eight years’ 
experience, running plant, installing engines 
and dynamos, wiring and linework; 32 years 
old, married, sober and industrious; can fur- 
nish good references. Box 514, Power. 

SUPERINTENDENT construction of com- 
plete steam plants—engines, turbines, con- 
densers, boilers, etc.: superintendent of opera- 
tion of large central stations and general 
power development; correspondence solicited. 
Box 515, Power. 

Young man, stationary engineer by profes- 
sion, of good address and appearance, going 
to the Pacific Nerthwest about November 1, 
will consider proposition to represent mani- 
facturer of power plant supplies or special- 
ties in that territory. Box 418, Power. 


WANTED—Job as stationary engineer and 
fireman with a reliable concern; I have com- 
pleted the traction engineering course at High- 
land Park College of Engineering, of Des 
Moines, Iowa, and have had some experience 
in plants up to 200 horsepower; I do not 
drink. Fred Maxwell, R. F. D. No. 4, Lin- 
neus, Mo. 


CHIEF ENGINEER, fifteen years in charge 
of power plants, is open for engagement; fa- 
miliar with all modern power plant equip- 
ment: highly successful in handling men and 
operating plants with highest economy and 
efficiency: best references, both East and 
West, for ability and character: age 40; 
unmarried; can go anywhere. Box 513, PowErR. 


POSITION WANTED by a first-class elec- 
trical and refrigerating engineer as chief en- 
gineer and master machinist, where the ser- 
vices of a first-class man are required; seven- 
teen years’ experience as operating and chief 
engineer: can give best of references as to my 
ability of handling an uptodate plant: also 
holds first-class license, two large cities. Box 
419, Powpk 


AS CHIFF in plant of 1000 horsepower or 
smaller, or as assistant in larger: have fair 
technical education, first-class Indiana  li- 


cense and six years’ continuous experience in 
the engine room: satisfaction guaranteed; 26 
years old, married and strictly temperate; 
ean furnish good reference: am employed at 
present as hoisting engineer. 

500, PoweEr. 


Address Box 
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MISCELLANEOUS 


Advertisements under this head are in- 
serted for 25 cents per line. About six words 
make @ line. 


PATENTS—C. L. Parker, Patent Attorney, 
ex-examiner Patent Office, 904 G St., Wash- 
D. C. Write for Inventor's Hand- 
ook. 


WANTED—A De La Vergne fuel-oil engine 
of 85 or 100 horsepower; must be in good 
condition. Address Kraeuter & Co., 18th Ave., 
Newark, N. J. 


EVERY ENGINEER should be posted re- 
arding the new system of vacuum heating 
nstalled without payment of royalty; I have 
valuable information; write today. TT. L. 
Reeder, 1417 W. Jackson Blvd., Chicago, Ill. 


HAVE YOU something of merit you desire to 
manufacture or are manufacturing and want 
help; young manager with proven selling abil- 
ity and some capital would like to hear from 
you; must be honest. “Eastern Salesman- 
ager,” POWER. 


WANTED—50-horsepower vertical, second 
hand boiler that has been used but a short 
time and in best condition, or 100-horsepower 
return-tubular boiler in same good condition; 
either must pass inspection. Address Dreyer 
Hat Co., 19 Waverly Place, New York. 


MANUFACTURERS who use Westinghouse 
and other crank case engines. .Are you a 
slave of the oil companies? Do you want to 
cut down your oil consumption 50 per cent.? 
The oil companies will not tell you how— 
but I will. Write for particulars; all corres- 
pondence confidential. Box 416, Power. 


NOTICE TO CONTRACTORS—Sealed pro- 
posals for a new engine and generator at 
Manhattan State Hospital, Ward's island, 
‘N. Y., will be received by the State Com- 
mission in Lunacy, 53 Lancaster street, Al- 
bany, N. Y., until 3 o'clock p.m., on Wednes- 
day, October 25, 1911, when they will be 
opened and read publicly. Proposals shall be 
accompanied by a certified check in the sum 
of $300 for each bid, and the contracters to 
whom the awards are made will be required 
to furnish surety company bonds in the fol- 
lowing amounts: In the sum of $4000, for 
the complete work ; $3000 for a separate con- 
tract under proposal No. 1; $1000 for a sep- 
arate contract under proposal No. 2, within 
thirty days after official notice of award of 
contract and in accordance with the terms 
of Specification No. 1463. The right is re- 
served to reject any or all bids. Drawings 
and specifications may be consulted and blank 
forms of proposals obtained at Manhattan 
State Hospital, Ward’s Island, N. Y., at the 
office of the State Commission in Lunacy, 1 
Madison Ave., New York City, and at the 
office of the State architect. Complete sets 
of plans and specifications will be furnished 
to prospective bidders upon reasonable no- 
tice to and in the discretion of the State 
Architect, Franklin B. Ware, Albany, N. Y. 
T. E. McCarr, Secretary, State Commission in 
Lunacy. Dated, October 5, 1911. 


FOR SALE 


Advertisements under this head are in- 
serted for 25 cents per line. About six words 
make a line. 


FOR SALE—10-horsepower General Elec- 
tric induction motor, type I, 1200 revolu- 
tions per minute, form C, 60 cycle, 220 volts; 


price, $125, f.o.b., C. A. Dunham Co., Mar- 
shalltown, Iowa. 
FOR SALE—8x10 Skinner engine, direct 


connected to 30-kilowatt generator, and 8x10 
Allfree engine, direct connected to 20-kilowatt 
generator. Address “Engineer,” Box 2, Sta- 
tion A, Cincinnati, Ohio. 


TWO SETS (two wheels to each set) Her- 
cules, bronze water wheels, with wheel cases ; 
wheels 24 inches diameter, on _ horizontal 
shafts: made by Holyoke Machine Company : 
eapacity, approximately 600 horsepower, un- 
der 50 feet head; in good condition, having 
been used less than five years. J. E. Henry 
& Sons Co., Lincoln, N. H. 


FOR SALE—Almost news machinery to be 
removed from amusement park; only oper- 
ated two vears: steel smoke stack with in- 
duced draft equipment, suitable for 600 to 
800 boiler horsepower; 75-kilowatt alternat- 
ing-current generator, 2300 volts, 60-cycle, 3- 
phase, 900 revolutions per minute, armature 
on the shaft; 18x36-inch Brown engine, 12- 
foot flywheel: two Manning boilers 130 
horsepower. 135 pounds pressure: 700-horse- 
power National feed water heater: 10%4x11 
Armington & Sims high-speed engine; 25 
horsepower Fairbanks & Morse gas or gaso- 
lene engine: heavy duty type. J. F. Foster, 
166 Devonshire St., Boston, Mass. 
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The American H,O Grease 
Extracting Feed Water Filter 


is a necessity in every plant where condensation is used for . 
boiler feed. Because it removes every particle of oil that is 
contained in the condensation, sending the water into the 
boiler absolutely oil-free. 

| Thus it prevents bagging plates due to oil utes on the 

heating surface. It saves trouble, expense, and assures a safer 
plant—also increases steaming ca- 
pacity of boilers, saves coal, prolongs 
life of the boiler. 

The American H.0 Grease Ex- 
tracting Feed Water Filter 
takes up little space—has a 

filtering surface equal to 320 

times the area of the feed water 

pipes—has low first 
cost and low mainten- 
ance cost. | 

It is substantially 
constructed; built to 
last a life time. 

Let us mail you our 

Filter booklet, which 

gives full details. 


Write us today. 


American Steam Gauge & Valve Mfg. Co. 


Boston, Mass. | 
Sales Offices in New York, Chicago, San Francisco, Pittsburg, Atlanta, Montreal 


THE BEST HOUSES: EVERYWHERE SELL OUR PRODUCTS 
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Any Engineer Can Operate 
The American- Thompson 


No college education required. And once you start using it 
there’s no end to the things you can find out with it. 

Whether valves are properly adjusted—whether drop in 
pressure between boiler and engine is excessive—whether valves 
are leaking or piston is leaking— 

These are just a few things the American-Thompson Im- 
proved Indicator will help you do. 

It will give you complete command of your engine, inside 
the cylinder and outside. 

Once you get your American-Thompson started you’ll be able 
torun your engine on a known basis rather than pure guess work. 

You’ll be able to make savings—in coal, engine wear and tear, 
repairs—you’ll be able to run your plant on a more economical 
basis—and this is what counts when you talk about a “raise’’ 
to the boss. 

Remember the American-Thompson is the standard indicator 
—always accurate—and is sold on terms which you can afford. 


$ 5° Down—$ 5% Monthly 


The complete price of outfit shown is $55.00 
—an easily understood instruction book ac- 
companies each outfit. 

Send your first payment today with refer- 
ence and get your outfit started. 

You have the privilege of examining your 
instrument for a period of five days. 

If you are ambitious—want to lift yourself 
above the average—want to be able to com- 
mand a better salary— 

Act on this proposition today—NOW. 


American Steam Gauge & Valve Mfg. Co. ano nan couros 


Boston, Mass. American Steam Gauge & Valve Mfg. Co., 
Boston, Mass. 
Sales Offices in New York, Chicago, San Francisco, Pittsburg, Atlanta, Montreal Send me full details of offer No. 151. 


THE BEST HOUSES EVERYWHERE SELL OUR PRODUCTS 
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Ball Bagine Co... 113] Griscom-Spencer Co. ........ 68] National Tube Co........... 87] Smooth-On Mfg. 6 
Baragwanath & Son, Wm. 70 Co, C. 69 
Barnes Co., W. F. & John... 114 Nelson Valve Co....-. ..... 85] Standard Sane Re 81 
Bates Machine Co.. .116] Hammel Oil Burner Co...... 81] New Bedford Valve 7’f°. Co.. 86] Starrett Co., L. S........... 107 
Betson Plastic Fire Brick Co.103]| Harbison-Walker Refractories New Process Raw |! 20..: 96] Steel Mill Packing Go......! 74 
Bignall & Keeler Mfg. Co. 88 Co, New. York & New Lub- Stewart Co., The Paul B..... 59 
Blake & Knowles St: Steam Pump Harris Steam “Bngine Co., 70 112 

Bogart Gas Power Engineer- Harrisburg Fdry. and Mach. 10] Superior Iron W 80 

Borden Co., The.......... ... 90] Harrisburgh Mfg. & Boiler _ 100] Newhall Eng. Co., Geo. M. 71 
Bowers Rubber Works....... 74] Harrison Safety Boiler Wks.. 53] Northern Eauipment Co...... :102 Terry Steam Turbine Co 77 
Bristol Co.............4th cover | Heine Safety Boiler Co...... 99] Nugent & Co., Wm. W....... 67] Toledo Pipe Threading Ma- 
Bruce-Macbeth Engine Co... -112 Hewes & Iron Wks. ..115 chine Co 88 
Buckeye Boller Skimmer Co.. 77 Treadwell Co., inc, M. H..... 80 
Buckeye Engine Co.........- 115 | Holmes Metallic Ohio Blower Co............-- 88] Trill Indicator Co........... 79 
106 | Holyoke Steam Boiler orks, Ohio Brass Co. .- 84] Trimont Mfg. Co 106 
Burt Mf: Co 16 Homestead Valve Co Ohio Injector Co. 88 Turbo-Blow er Co 79 

Hoppes Mfg. Co...........-- 68 os 
76] Hughson Steam Speciait 84 Purifier Uehling Instrument Co. 100 
Huyette Co., Inc., Paul 72 Otto Gas Engine Works..... 112 Under- Freed Stoker Company of 
Cancos Mfg. Co............. 74 90 
Casey-Hedges Co............ 201 Ingoraoll-Band Co. 09 Underwood & Co,, H. B.. - 
Chaplin-Fulton Mfg. Co., The. 103 sennenntionel Corr. Schools..: 57] Parson Mfg. Co....... 77| United States Graphite Co. 66 
Chapman Valve Mig. esi 87 Patterson & Go. Frank L.... 67] Universal Lubricator Co..... 13 
Chesterton Co., A. W........ Peerless Rubber 8 
Cling-Surface Co. ......+.... efferson Union Co.......... 62] Penberthy Injector Co. ae 
Columbian Rope Co.....--... Jeffrey Mfg. Co...... 79] Pennsylvania Flexible Metallic Vilter Miz. Co.,. 114 
Connersville Blower Co., The. 91 55 Tubing Co. 106) Vogt Machine Co., Henry.... 99 
Consolidation Coal Co........ 94 ohns-Manville Co., H. W.... 59 80] Von Kokeritz & Co., 
Consolidated Engine Stop Co. 83 Perkins Co., Jno. B.......... 84] Vulcan Soot Cleaner Co...... 78 
Cooper Co. Keeler Co. 100 | Perolin Co. America...... 70 
Crescent Belt Fastener Co... 68 Kennicott ce con 103 | Sierce Co., -2d cover 
Cresson Co., Geo. V...... 97] Kerr Turbine 'Co........°.2108 Pittsburgh’ Valve, Fdry. an Walton Co., F. S.........14, 15 
ros eam Gage alve Kinkead Mfe. Co............ a atson Co...... 

| Kinkead Mfg. Co............ 90] Precision Insteament (0. Watts-Campbell Co..........113 
Curtis & oo 87 Providence Engineering Wks..116] Western Electric Co......... 59 
Cyclone Grate Bar Co..... 81 Lagonda Mts, 3d cover Co. 

waidlaw-Dunn-Gord eeler Condenser ngr. Co. 
Leavitt Quaker City Rubber -1st cover | Wheeler Mfg. Co., 
Dallett_ Co., Tinerty Mfg. Co Quimby, Inc., Wm. E...... 91] Whitlock Coil Pipe Co. .4th cover 
Lord eliance Gauge Column Co...10 ying O., L. 
De Laval Steam ‘Turbine ‘Co. Remington Oil Ungine Co. Worthington, ifenry 91 
Diamond Rubber Co......... 74 Ridew ay Dynamo and Engine 

cGowan Co. e John H. 92 Robb Engineering Co., Yale & To 
Dixon Crucible Co., Jos...... 65] McGraw-Hill Book Co........ 1110] Robertson & Jas. L. Yarnall- 83 
pes Belt Dressing Belting—Continued. Blowers, Steam Jet 

Bates Machine Co.......... “116 2 ixon Crucible Co., Jos...... 65] Garlock Packing Co.......... Schutte & 

Perkins 3 Co., Chas. A........ 90] Morse Chain Co............ -118 
=. Mfg. New York Belting & Pack. Co. 19 ear rug and Chemical 
eliance Gauge Co 3 s eystone ubricatin 0 
Wright Mfg. >. ‘Co... 72 escent Belt Fastener Co... 69 Bloeks, Chain Lord Co., 99 
B erolin Co. o _ ca, The.. 70 
Ash Ejectors Belt Tighteners 101 
Parson Mfg. Co............. 77 Buffalo Forge Co............106 
evant B. P....... etson Plastic Fire Brick (o.103 
Cr esson Geo. 97 Belting Ferry Steam Turbine Co..... 78| Harbison - Walker Refractories 
y. ac 9) Bowers Rubber Works....... 74 Wing Mfg. Co., L. J......... 765 McLeod & Henry Co......... 104 
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REDUCE 


Apart from the coal and water that a 
Cochrane Heater will save, it will reduce 
the first cost of the plant. 


A Cochrane Steam-Stack and Cut-Out 


Valve tor,and of 
Heater the traps, 
and Re- valves, el- 
ceiver, for bows and 
instance piping re- 
(shown quired to 
herewith) install 
will save it in a 
the cost of by-pass 
an inde- around 
pendent the heat- 
oil separa- er. 


The Cochrane Steam-Stack and Cut- 
Out Valve Heater and Receiver is equipped 
with an oil separator large enough to purify 
of oil all the steam delivered by the engines 
and pumps, including that which passes 
to the heating or drying system, low pres- 
sure turbine, absorption ice machine, or 
other exhaust-steam-using appliance. 

Frequently you can save one-half or 
more of the cost of the Cochrane Heater 
right off, in the valves and piping that it 
will render unnecessary. Then these heaters 


are “Fool-Proof,” the kind you want. 


Send us a sketch, with particulars relat- 


ing to your plant, and let usshow how thisis. 


Harrison Safety Boiler Works 


17th and Clearfield Streets 


Cochrane Heaters 


Steam Plant Equipment Costs 


PHILADELPHIA, PA. 


¥ 
j 
¥ 
, 
4 
3 
~ 
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Boiler Tube Cap Reseating 
Machines 


Lagonda Mfg. 
Leavitt Machine Co.......... 
Ldberty Mfg. 
Boiler Tube Cleaners 
Dallett Co., Thos. H........ 


Boiler 'Tubes 
National Tube Co........... 87 


Boiler Water Skimmers 
Buckeye Boiler Skimmer Co.. 77 


.103 


Boilers 


Allis-Chalmers 
American Well Works. . 
Ames Iron Works.. 
Babeock & Wilcox Co.. 
Casey-Hedges Co. 
Griscom-Spencer Co. .. 
Harrisburg Foundry & 
Harrisburg Mfg. & Boiler Co. 
Harrison Safety Boiler Wks.. 53 
Heine Safety Boiler Co...... ¥9 


Hewes & Phillips Iron Wks...115 
Holyoke Steam Boiler Works.. 72 
Kennicott Co. 103 
Minneapolis Steel & Mehy. Co.112 
Morrin Climax Boiler Co..... 100 
New Bedford Valve Mfg. Co.. 86 
Oil Well Supply Co. .101 


Perkins Co., Jno. Bowes 84 


Robb Engineering Co., Ltd...101 
Smith & Son Co., Sam'l...... 101 
Struthers-Wells Co.......--- 112 
Vogt Machine Co., Henry.... 99 


Wickes Boiler Co. 


Books 

International Corr. Schools... 5 
McGraw-Hill Book Co.......11 
Brick, Fire 


Betson Plastic Fire Brick Co.103 
Walker Refractories 


7 
0 


McLcod & ‘Henry 


Castings, Brass and Iron 
Bruce-Macbeth Eng. Co...... 112 
Builders Iron Foundry.......102 
Ilooven,. Owens, Rentschler Co.115 
McClave-Brooks 12 
Meemes < .. 80 
Salamander Grate Bar Co... 


Treadwell Co., 
Castings, Steel 
Hooven, Owens, Rentschler Co.115 


104 


Cement, Heat Resisting 
Harbison-Walker Refractories 


On. 


Cement, 
Johns-Manville Co., H. W.... 59 
Smooth-On Mfg. C 6 
Cement, Pipe Joint 

United States Graphite Co.... 66 


Cement, Rubber 
Peerless Rubber Mfg. Co..... 8 


Chimneys, Steel 


Keeler Co., E. 
Morrin Climax Boiler 


Clocks 


American Steam Gauge and 
Ashton Valve Co., The....... 


Clutches, Friction 


Jeffrey Mfg. Co...... 


Coal 
Consolidation Coal Co...... 


Coal and Ash Handling Ma- 
chinery 


Green Engineering Co....... 80 
Parson Mfg. Co..... nie: 
Cocks, Blow-off 


Cocks, Gage 


-American Steam Gauge and 


Chaplin-Fulton Mfg. Co. 10% 
Hinvette Co., Paul B......0.. 
Jenkins Bros......... nen 
Lunkenheimer Co........... 4 


84 
Reliance Gauge Column Co... 
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Cocks, Gage—Continued. 


Regulator Co..........102 
Schaeffer & + Mfg. Co. 
Wright Mfg. 


Cocks, Steam 


Dart Co., SF 
National Tube Co....... 
Schutte & Koerting Co....... 82 
Sherwood Mfg. Co........... 65 


Combustion Chamber, Back 
Arch 

Betson Plastic Fire Brick Co. 103 

Walker 


Mel.ecod & ‘Tienry _ 104 
Combustion Recorders 
Precision Instrument Co..... 100 


Uehling Instrument Co.......100 


Compound, Commutator 
Dixon Crucible Co., Jos....... 
Condensers 

Allis-Chalmers Co...........114 


Baragwanath & Son, Wm.... 70 
Cameron Steam Pump Works, 


65 


A. 
Connersville Blower Co., The. 
Epping-Carpenter Co......... 
Griscom-Spencer Co.......... 
MeGowan Co., John H. 
Minneapolis Steel & Mehy. “Co. 313 


Schutte & Koerting Co...... 
Wheeler Condens. & Engr. Co. 24 
Wheeler Mite. €Co., C. 
Controllers, Feed Water 
Chaplin-Fulton wees 103 
Lagonda Mfg. Co. Serres 3d “cover 
Liberty- Mfg. Co...... 
Mason Regulator Co......... 86 
Northern Equipment Co...... 102 
Peres 


Cooling Plants 
Schutte & Koerting Co...... 
Cooling Towers 


Wheeler Condens. & Engr. Co. = 
Wheeler Mfg. Co., C. H 


Correspondence Schools 
International Corr. Schools... 57 
Couplings, Flexible Shaft 


Bruce-Macbeth Engine Co.....112 
Ilooven, Owens, ‘Rentschler Co.115 


Covering, Pipe and Boiler 


82 


Johns-Manville Co., H. W.... 59 
Wyckoff & Son Co., 
Cranes 

Yale & Towne Mfg. Co...... 74 
Crank Pin Oiler 
Richardson-Phenix Co. ....... 63 
Curbs, Manhole 

Armstrong Mfg. Co.......... 90 


Cylinder Boring Bars 
Underwood & Co., H. B......108 
Cylinders Rebored 
Rookeby & Co., E.. 
Underwood & Co., H. B.... 
Die Stocks 


Avmatrong Mig: Co........+. 90 
Bignall & Keeler Mfg. Co. 


113 
108 


88 
Curtis & Curtis 
— Pipe Threading Mach. 
Mechanical 
Butalo Co. 106 
Schutte & “Koeriing 82 
Turhe-piower Co........... 79 


Drills, Upright 
Barnes Co., W. 


Dust Collectors 


(hie Blower 88 
Schutte & Koer ties 
Sturtevant Co., 113 
Dynamos 
Allis-Chalmers Co....... er 
American Engine Co......... 115 
Rruce-Macheth Eng. Co...... 112 
Co 113 
Tey Steam Turbine Co..... 77 
Economizers, Fuel 
peurtevant Co.. R ........ 113 
Westinghouse Machine Co....118 


F. & John....114 


Ejectors 

American Injector Co....... 90 
Lunkenheimer Co............ 4 


Penberthy Injector Co....... 11 
Schutte & Koerting Co...... 82 


Electric Current 
New York Edison Co........107 


Engine Repairs 
Reokeby & Ca., B. 


Underwood, H. B............108 
Engine Stops 
Consolidated Eng. Stop Co... 82 
Tillman & Single............ 82 
Locke Regulator Co... 82 
Schutte & Koerting Co....... 82 
Engines, Combustion 
Alberger Heater Co.......... 70 
Allie-Chalmers 114 
American Well Works....... 
Bogart Gas Power Engineer- 
ing Co. 
Bruce-Macbeth Eng. nis 112 
Buckeye Engine Co.......... 115 
Minneapolis Steel & Mchy. Co.112 
Otto Gas Engine Works...... 112 
Struthers-Wells Co..........112 
Turner-Fricke Mfg. Co..... 
Westinghouse Machine Co....118 


Engines, Oil 

Remington Oil Engine Co....111 
Engines, Pumping 

Hooven, Owens, Rentschler Co.115 
McGowan Co., John H....... 92 
Engines, Steam 


Allis-Chaimers 
American Engine Co.........115 
American Well Works. . 

Ames Iron Works.... 


Ball Engine Co.... 113 
Bates Machine Co.. re 
Buckeye Engine Co...... 115 
Buffalo Forge 


bitchburg Steam Engine Co. 216 
Griffith & Wedge Co......... 114 
Griscom-Spencer Co.......... 68 
Harris Steam Engine Co..... 116 
a Fdry. & Mach. Wks.116 
Hewes & Phillips Iron Wks..115 
Hooven, Owens, Rentschler Co.115 
McIntosh, Seymour & Co....115 
Minneapolis Steel and Machin- 


Perkins Co., dno, B......... 88 
Providence Engr. Works..... 116 


Ridgway Dynamo & Engine Co.115 
Rollins 
Skinner Engine Co...........114 
Sturtevant Co., B. 113 
114 
Watts-Campbell Co 

Westinghouse Machine Co....118 


Exhaust Heads 


Tirect Separator 
Hoppes Mfg. Co...... 
Ohio Blower Co......... 88 
Patterson & Co., Frank 
Robertson & & Sons, Jas. L. 61 


Whitlock Coil Pipe Co., 


4th cover 


Expansion Joints 


ational Tube SF 


Fans, Exhaust and Venti- 
lating 
Butlato Porge Co... 
Power Specialty Co......... 74 
Feed Water, Weighers 
-103 
Feeders, Boiler Compound 
Richardson-Phenix Co. ...... 63 
Feeders, Furnace 
Filters, Oil 
Flower Co.. W. L. OF 
Franklin Oil Filter ‘Co. 67 
Nugent Co.. Wm. W..... 
Richardson-Phenix Co. .. . 63 
Rebertson & Sons, Jas. L..... 61 
Wright Mig. Co...... 
Filters, Water 
Grisecom-Snencer Co........- 68 
Seaife & Sons Co., Wm. B.. 02 
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Fire Clay 
Refractories 


Henry Co.. 2222222104 


Firebox Blocks 
Betson Plastic Fire Brick Co.103 


Harbison-Walker Refractories 

McLeod & Henry Co......... 104 

Fittings, Ammonia 

American Steam Gauge and 

Fittings, Steel 

Nelson Valve 85 

Flanges 

Jefferson Union Co.......... 62 

Floats 

Co. Vi 1% 


Flue Gas Analysis Instru- 
ments 


Pierce Co., Wm. B......2d cover 
Forgings, Drop 
Williams & Co., J. H...... 
Furnace Door Arch 


Betson Plastic Fire Brick Co.103 
-Walker Refractories 


coe 


105 
Holyoke Steam Boiler Works. 72 
McLeod & Henry Co......... 104 
Furnace Linings 
Refractories 
5 
thehpelie Steam Boiler Works. 72 
Furnaces, Smokeless 
Green Engineering Co....... 0 
Holyoke Steam Boiler Works. 72 
McClave-Brooks Co.......... 12 
Mellor Furnace Engr. 
Murphy Iron Works......... 86 
Gage Boards 
American Steam Gauge and 
Ashton Valve Co., The....... 83 
Gage Glasses 
American Steam Gauge and 
Chesterton €o., A. W....... 76 
Garlock Packing Co.. 9 
Quaker City “Rubber ‘Co. 1st cover 
02 
Von Kokeritz Co., G., 76 
Gage Testing Outfit 
American Steam Gauge and 
Waive MES. CO. 
Ashton Valve Co., 
Von Kokeritz & Co., 76 
Gages, Draft 
American Steam Gauge and 
Valve Mig. 51 
Ashton Valve Co., The...,... 83 
Bristol CO... 4th cover 
Gages, Pressure 
American Steam Gauge and 
Varve 
Valve 83 
Crosby Steam Gage & Valve 
87 
Gages, Recording 
American Steam Gauge and 
4th cover 
Uehling Instrument Co. 100 
Gages, Vacuum 
American Steam Gauge and 
Valve Mire. Co........., 
Ashton Valve 83 
Schutte & Koerting | SS 82 
Gages, Water 
American Steam Gauge — 
Waive Bim. 51 
Greene, Tweed & Co., 
64. 4th cover 
Huyetico ©o., Paul B.......- 72 
Lunkenheimer Co.... 
Ohio Blower (0... 88 
84 
Reliance Gauge Column Co. . . 103 
Wright Mfg. 72 
Gas Exhausters 
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Jenkins Bros. Automatic Equalizing 


Stop And Check Valves 


They are invaluable in case of emergency. In case a tube bursts or some other internal 
rupture takes place that would suddenly reduce the pressure in that boiler the Automatic 
Equalizing Stop and Check Valve immediately shuts off the flow of steam from the header 
into the boiler. 


And yet these valves are more than emergency valves. For they equalize the pressure 
between the different boilers in a battery so that no boiler will be working at a lower pres- 
sure than any other. 


No steam can be turned accidently into any boiler while it is being cleaned, as these 
valves can only be opened by pressure in the boiler to which they are attached. 


Thoroughly modern valves, have full 
opening, strong and rigid to withstand the 
strains due to expansion and contraction of 
the piping. 

Cushioned to prevent hammering or 
chattering; tested to 800 lbs. hydraulic 


pressure and guaranteed for working steam 
pressures up to 250 lbs. 


Furnished in extra Heavy Pattern 
in all sizes from 4” to 12”, either screwed 
or flanged. Write for descriptive bulletin 


Your dealer can supply you. If he 
fails to do so, write us for name of 
nearest dealer who will. Catalog mailed 
on request. 


Jenkins Bros. 


80 White St., New York 35 High St., Boston 133 .N. 7th St., Philadelphia 300 West Lake St., Chicago 
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Gas Producers 


Bogart Gas Power Engineer- 

Griscom-Spencer Co.......... 68 

Minneapolis Steel & Mchy. Co.112 


Gaskets 


Diamond Rubber Co......... 74 
Garlock Packing Co........ 9 
Goetze Gasket & Packing Co.. 75 
Greene, Tweed & Co., 

64, 4th cover 
Co. H. W.... 
Keeler Co., E 1 
New York’ Belting & Packing 


Co. 
: Peerless Rubber Mfg. Co 8 
Quaker City Rubber’ Co... Ist cover 


Gears 

Cresson Co., Geo. V.......-- 97 
New Process Raw Hide Co... 96 
Governors, Pump 
Chaplin-Fulton Mg. Co...... 


Locke Regulator Co.......... 82 
Mason Regulator Co......... 86 
Northern Equipment Co...... 102 


Regulator Co..........102 
Schade Valve Mfg. Co....... 86 
Watson & McDaniel Go...... 92 


Governors, Pump Speed 
Mason Regulator Co......... 86 


Graphite 


Dixon Crucible Co., Jos...... 65 
Garlock Packing Co......... ’ 
United States Graphite Coa.... 


Grates 


Casey-Hedges 
Cyclone Grate Bar Co........ 81 
Green Engineering Co....... 80 
Long Grate Bar Co......... 79 
McClave-Brooks Co.......-.- 
Martin Grate Co. 

Mellor Furnace 100 

Perfection Grate 30 
Robertson & Sons, Jas. L.... 61 
Salamander Grate Bar Co.... 81 
Standard Grate Co.......... 81 
Superior Iron Works Co..... 80 
Treadwell Co., M. H........ 80 
Washburn & Granger 


Grease 


Albany Lubricating Co....... 65 
Dearborn Drug & Chemical 
Works ... 
Keystone L ubriecating 
Royersford Fdry. & Mach. Co. 97 
United States Graphite Co.... 66 
Walton Co., F 
Grease Extractors 
American Steam Gauge and 
Valve Mee. 
GO. 
Griscom-Spencer Co........-. 68 


Hangers 

€Co., Geo. OF 

Royersford Wary. & Mach. Co. 97 

Heaters and Purifiers, Feed 
Water 


Alberger Heater Co.......... 70 
Baragwanath & Son, Wm..... 70 
Blake & Knowles weper Pump 


ES 


Griscom-Spencer Co.......... 68 


Harrison Safety Boiler Wks.. 53 
8 
Minneapolis Steel & Mchy. Co.112 
National Pipe Bending Co. 70 
Coil Heater & Purifier 

Patterson & Co., Frank 67 
Robertson & Sons, Jas. L..... 61 
Schutte & 
Wheeler Mfg. ron H. - 92 
Whitlock Coil Pipe Co. 4th’ cover 


Heating and Ventilating 
Systems 


Ohio Blower Co........... 88 
Wing Mfg. C | 


Heating, Central Station 
American District Steam Co..107 
Hoists, Electrie 


Allis-Chalmers 
Yale & Towne Mfg. C 


Hoists, Hand 
Yale & Towne Mfg. Co....... 74 
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Hose, Metal 


American Metal Hose Co 77 
Pennsylvania Flexible Metallic 


Hose, Rubber 


Diamond Rubber Co.......... 74 
Garlock Packing Co.......... 9 
Lagonda Mfg. Co.......3d cover 


Liberty Mfg. Co 
York Belting & ‘Packing 
Peerless Rubber Miz. Co... 


8 
Quaker City Rubber Co..1st cover 
Ice and Refrigerating: Ma- 

chinery 

Vogt Machine Co., Henry..... 99 
Watts-Campbell 
Iee Machine Repairs 
Underwood & Co., H. B......108 


Indicators, Ammonia 

American Steam Gauge and 
Valve Mis. 62 

Indicators, Combustion En- 
gine 


American Steam Gauge and 
Valve Mie. Coe. 


Indicators, Flow 
Richardson-Phenix Co........ 63 
Indicators, Gas Engine 

Trill Indicator Co........... 79 
Indicators, Speed 

Indicators, Steam Engine 


American Steam Gauge ms 
Cc — Steam Gage & Valve 
Robertson & Sons, Jas. L..... 61 
Te@icator 


Injectors 


American Injector Co........ 90 
& 
Olio Tageetor Co. 
Penberthy Injector 
Robertson & Sons. Jas. L.... 61 
Schutte & Koerting Co...... 82 
Sherwood Mfg. 65 


Lamps, Electric 
Johns-Manville Co., H. W.... 59 
Lathes, Foot Power 

Barnes Co., W. F. & John....114 
Lubricators, Cylinder 


Detroit Lubricator Co........ 67 
Fiower Co., Waker L........ 
Greene, Tweed & Co., 

one 


Spencer Co. 
Lungenhermer Co... ........- 4 
Ohio Injector Co., The....... 88 
Richardson-Phenix Co. ...... 63 
Robertson & Sons, Jas. eons 61 
Sherwood Mfg. Co.... 65 


Universal Lubricator Co... 13 


Lubricators, Force Feed 
Greene, Tweed & Co., 

64, cover 
Lunkenheimer Co..... 
Richardson-Phenix Co. 6S 
Sherwood Mfg. Co..... 


Mats and Matting 


Rubber Mtg. “Co. 
Metal, Bearing 

Magnolia Metal Co..........111 
Meters, Steam 

Meters, Water 

Builders Tron Foundry...... 102 
Micrometers 

Milling Machines, Portable 
Underwood & Co., H. B......108 
Motors, Electric 


Allis-Chalmers Co...........114 
American Engine Co........115 
Crocker-Wheelery Co.........113 
& Engine 

Motors, Water 


Lagonda Mfg. Co........3d cover 


Oil and Grease Cups 
Albany Lubricating Co....... 65 
American Injector Co........ 90 
Detroit Lubricator Co....... OF 
Griscom-Spencer 
Keystone Lubricating Co.... 
4 
New York & New Jersey Lub- 
Injector 8S 
Sherwood Mfg. Co........0+- 65 
Universal Lubricator Ce...... 13 


Oil Burners 
Hammel Oil Burner Co...... 81 


Lunkenheimer 


Oil Reservoirs 


Richardson-Phenix Co........ 63 


Oil Tanks 
Richardson-Phenix Co........ 63 


Oilers, Telescopic 
Nugent Co., Wm. OF 


Oiling Devices 

Nugent Co., Wm. 67 
Oiling Systems 

Albany Lubricating 
Burt Mfg. Co 
Detroit “Co. 
Lunkenheimer 
Richardson-Phenix 


Oils 

Albany Lubricating Co.... 65 

Dearborn Drug & Chemical 

New York & New Jersey Lub- 


Walton Co., F. Terre. 14, 15 
Packing, Cylinder 

Rooksby & Ca, 
Packing, Flange 


Chesterton Co., A. 78 
Diamond Rubber Co....... . 74 
Eureka Packing Co........ 61, 73 


Bowers Rubber Works....... 


9 

Goetze Gasket & Packing Co.. 75 
Greene, Tweed & Co.. 

64, 4th we 


Johns-Manville Co., H. W.... 59 
~. York Belting & Packing 
Peerless Rubber Mfg. Co 8 
Quaker City Rubber Co.. 1st ‘cover 
Smooin-On Rife. 


Von: Kokeritz & Co., R. G.... 76 


Packing, Hydraulic 

Goetze Gasket & Packing ¢ Co... 
Johns-Manville Co., H. V 59 
Quaker City Rubber Co.. Met’ cover 
Steel Mill Packing Co........ 74 
Von Kokeritz & Co., R. G.... 76 


Packing, Metallic 

Goetze Gasket & Packing Co.. 75 
Packing, Pump Valve 
Diamond Rubber Co........ 


4 
Quaker City Rubber Wks.. 1st cover 
Von Kokeritz & Co., G.i<o 


Packing, Rod 


Bowers Rubber Works........ 74 
Chesterton Co., A. 
Diamond Rubber.Co......... 74 
Eureka Packing Co.......61, 73 
Garlock acking 9 
Goetze Gasket Packing 75 
Greene, Tweed & Co., 


4. 4th cover 

Holmes Metallic Ce.. 

Johns-Manville Co., H. W. 59 
New York Belting and Pack- 

Peerless Rubber Mfg. Co..... 8 
Power Specialty Co.......... 


74 
Quaker City Rubber Co.. eel cover 
Steel Mill Packing Co.. 74 
Von Kokeritz & Co., R. G.... 76 
Paint, Graphite 

United States Graphite Co.... 66 
Pipe Bending 

National Pipe Bending Co.... 70 
Whitlock Coil Pipe Co. .4th cover 
Pipe Clamp 

Yarnall-Waring Co. 83 
Pipe Coils 


National Pipe Bending Co.... 70 
National Tube Co........ 7 
Whitlock Coil Pipe "Go: 74th ‘cover 
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Pipe Cutting and Threading 
Machines 


Armstrong Mfg. Co.......... 83 
Bignall & Keeler Mfg. Co. 88 
90 
Curtis & Curtis errr 87 
Toledo Pipe Ma- 
Pipe, Joint Compound 
Dixon Crucible Co., Jos...... 65 


Pipe, Riveted Steel 
Harrisburg Mfg. & Boiler Co. .100 
Piping, Blower 


88 

Planimeters 

American Steam Gauge and 

Robertson & Sons, Jas. L.... 61 

Plumbago 


United States Graphite Co... 66 
Polish, Metal 


Jobns- Manville Co, BH. W. 59 
Publishers 

International Corr. Schools... 57 
McGraw-Hill Book Co....... 110 
Pulleys 

Ce, Gee. 97 
Goodnow Fdry. Co., L. Il. 96 


Minneapolis & Mehy. 
Saginaw Mfg. Co 96 
Pumps, Air 

American Well Works........ 93 
Steam Pump Wks., 


Wheeler Cond. & Engr. Co.... 91 
Wheeler Mfg. Co., C. ll 


Pumps, Centrifugal 


114 
American Well Works. 93 
De Laval Steam Turbine Co. ‘111 
92 
Quimby, 91 
Terry Steam’ Turbine Co... 78 
Worthington, Henry R....... 91 


Pumps, Deep Well 
American Well Works........ 
Steam Pump Wks., 


Pumps, Electric 


American Well Works. 93 
De Laval Steam Turbine Co. .111 


Quimby, Inc., 9] 
Pumps, Force Feed 
Richardson-Phenix Co. ....... 63 
Pumps, Jet 

McGowan Co., John H....... 92 
Pumps, Oil 

American Well Works. «= 
16 
or Steam Pump Wks., 
Goulds Mfg. Co............. 91 
Quimby, Inc.. Wm. E........ 91 
Richardson-Phenix Co........ 63 
65 
Pumps, Oil Force-feed 
Detroit Lubricator Co........ 67 
Lunkenheimer Co........5... 
Richardson-Phenix Co........ 63 
Pumps, Pneumatic 
Ingersoll-Rand Co........... 109 


Pumps, Power 

American Well Works........ 93 
92 
Patterson & Co., Frank L.... 67 
Perkins Co., 

Quimby, Inc., Wm. E........ 9 
Whitlock Coil Vine -4th cover 


Pumps, Screw 


Quimby. Inc., Wm. B........ 91 
Pumps, Steam 
American Well Works....... 93 


Cameron Steam Pump Wks., 


De Laval Steam Turbine Co. .111 

Epping-Carpenter Co......... 91 
Ingersoll-Rand Co........... 109 
McGowan Co.. John-H....... 92 
Minneapolis Steel & Mehy. Co. 112 
Perkins Co.. Jno. B 84 


Wheeler Mfz. 92 
Worthington, Henry 
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Selling—P O W E R—Section 


Doubt 


or 


Confidene 


Are you in doubt, or do you know that 
there are better things ahead? 

Doubt never raised a man’s salary—con- 
fidence makes many fortunes. 

The purpose of the International Corre- 
spondence Schools is to give a man confidence in himself.by training him in the line of work 
he prefers. With this equipment he goes to any employer with confidence in his ability to fill 
the position he seeks. 

I. C. S. training is today one of the greatest recommendations that a young man can have. 
Great employers value it because it is REAL. 

A man with I. C. S. training applies to such concerns at Baldwin’s Locomotive Works, 
Cramp’s Shipyard, Westinghouse Electric Company, the great Railroad Systems, or any other 
branch of industry, with the confidence that he will have an opportunity not offered to the 
untrained man. 

This is a fact proved by hundreds of I. C. S. students who are today holding important 
positions. Over 400 I. C. S. students voluntarily report each month an increase in salary as a 
direct result of I. C. S. training. 

Perhaps you say these are exceptional cases. The indisputable fact that there are thousands 
upon thousands of such cases each year proves that they are not exceptions. 

With I. C. S. training there is no such thing as an exceptional case, provided a man believes 
he can do what others have done before him. 

To learn about the I.C.S. it is only necessary to mark and mail the attached coupon. For 
example, if you desire to become a Civil Engineer ~~ put a cross opposite that occupation. 
Or, if you desire to become a Mechanical 
Draftsman, Electrical Engineer, Architect, 
Advertising Man, Stenographer, Bookkeep- 
er, or fill any other occupation mentioned, 
you simply mark the position you prefer. 

In turn, the I. C. S. will show you ex- 
actly how to accomplish what you desire 


Box 979, SCRANTON, PA. 


salary and advancement to the position, trade, or profession 
before which I have marked X. 


SSH 


International Correspondence Schools . 


Please explain, without further obligation on my part, how I can qualify for a larger 


Electrical Engineer Machinist Chemist 
and will place at the best Des. 
ynamo Foreman olding ommer ustrat'g 
industrial training that can be eran to ee Electric Lighting ~ Blacksmithing Bookkeeper 
man—young or old. Electric Railways Civil Engineer Stenographer 


Electrician 
Telephone Expert 
Concrete Construct’n 


Stationary Engineer 
Gas Engineer 
Refrigeration Eng. 


Mark and mail the coupon AT ONCE 


Commercial Law 
Architecture 


Civil Service Exams. 


and you will be entitled to the extraordinary 
benefits being offered all applicants during 
August and September to celebrate the 
Twentieth Anniversary of the I. C. 5. suc- 
cess. 


Mark and Mail the 
Coupon TODAY 


Mechanical Engineer 
Machine Designer 
Mechanical Draft. 
Patternmaking 


Sheet-Metal Drafts. 
Marine Engineer 
Mining Engineer 
Structural Engineer 


Contracting & B’ld’g 
Advertising Man 
Window Trimming 
Automobile Running 


Name 


Street and 


City. 


Present Occupation 


_ State 
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Pumps, Turbine 
De Laval Steam Turbine Co..111 


Pumps, Vacuum 


‘American Well Works....... 
Cameron Steam Pump WEs., 


A. 
Connersville Blower Co., The. 


McGowan Co., John H......- 92 

Wheeler Cond, & ap Co.. 91 

Wheeler Mfg. Co., C. H...... 92 

Pyrometers 

American Steam Gauge and 
Valve Mfg. Co.........- 51 


Rams, Steam 


Penberthy Injector Co....... 11 
Reducing Wheels 
American Gauge and 
Valve Mfg. Co......... , 

Robertson & 61 
Trill Indicator Co..........-. 79 
Regulators, Damper 
Lagonda Mfz. Co........ 3d cover 
Locke Regulator Co......... 82 
Mason Regulator Co........ . 86 
Robertson & Sons, 61 
“S-C" Regulator Co. 22102 
Turbo-Blower Co. ......++++- 79 
Regulators, Feed Water 

- Cade & Knapp..... 
Lagonda Mfg. Co “3a 
Mason Regu ator Co......... 86 
Northern Equipment 102 
Squires Co., C. E...... 69 
Regulators, Pressure 
American District Steam Co..107 
Chaplin-Fulton Mfg. Co..... 103 
CO. 7 
Hughson Steam Specialty Co.. 84 
Mason Regulator Co......... 86 
Nor thee n Kquipment Co......102 


Ohio Brass Co..... 
Squires Co., C. E.. 


Regulators, Pump 


Cow 

Hughson Specialty “Co: 84 

Mason Regulator Co......... 86 

‘S-C” Regulator Co...... 


Revolution Counters 

American Steam Gauge and 

Ashton Valve Co., The....... 83 


Schuchardt & Schutte....... 106 
if Rope, Transmission 
American Mfg. Co..........- 96 
2 Columbian Rope Co.......... 96 


Rubber Goods 

Quaker City Rubber Co..1st cover 
Rubber Joints 

Diamond Rubber Co......... 74 
Rules, Slide 


Richardson, Geo. W......... 99 
Second Hand Machinery 
Mitchell-Lewis Motor Co..... 59 
Western Electric Co......... 59 
Separators, Ammonia 

7 
“Satety Boiler" Wks.. 53 


Separators, Oil 


Austin Senarator Co......... 72 

Baragwanath & Son, Wm..... 70 

Direct CO... os OF 

7 

Harrison Safety Boiler. Wks. 53 

Nashua Machine Co.......... (73 
Miawer Co... 88 
Robertson & Jas. L.. 61 

Separators, Steam 

Austin Separator Co........ « 7 

Baragwanath & Son, Wm.... 70 

Direct Separator Co......... 87 

Griscom-Spencer Co.......... 68 

Harrison Safety Boiler Wks.. 53 

68 

Nashua Machine Co. 

ORIG OO. 88 

Patterson & Sons, Jas. L....: 67 

Robertson = dae: 61 

Whitlock Coil Pipe Co..4th cover 


Shaft Hangers 
Royersford Fdry. & Mach. Co. 97 
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Alining and Level- 
ing Apparatus 


Gresson Co., Geo. V...ccccece OF 
‘Kinkead Mfg. 90 


Sight Feeds 

Richardson-Phenix Co........ 63 
Skylights 

Burt Mie. Co..... 
Spray Nozzles 


Buffalo Forge Co............106 
Schutte & Koerting Co...... 82 


Stokers, Chain Grate 
Green Engineering Co....... 
Stokers, Mechanical 
American Ship Windlass Co.. 78 
x Co 


16 


80 


Babcock & Wilcox Co........ 1 
Green Ingineering - 86 
McClave-Brooks Co.......... 12 
Murphy Works......... 86 


‘Stoker Company of 

America 
Westinghouse Machine Co. 


Strainers, Pump 


American Ship Windlass Co.. 
Elliott Co. axe 


Strainers, Water 


77 
7 


Superheaters 

Babcock & Wilcox Co........101 
Power Specialty Co......... 74 
Providence Engineering Wks.116 
Tachometers 

Schuchardt & Schutte.......106 
Tanks 

¥riscom-Spencer Co......... 68 


Taps, Stocks and Dies 
Armstrong Mfg. Co.......... 
Bignall & Keeler Mfg. Co.. 
Curtis & Curtis Co 
Thermo meters 
4th cover 
Tools, Portable Repair 
Underwood & Co., H. B......108 
Transmission, Power 
Royersford yg A & Mach. Co. 97 
Saginaw Mfg. C 96 
Traps, Steam 

American Steam Co..107 


Chaplin-Fulton Nite Co. -103 
Direct Separator Co......... 87 
Griscom-Spencer Co. ......... 68 
Jenkins 55 
Harrison Safety Boiler Wks.. 53 
Lytton Mfg. 73 
Morehead Mfg. Co.......... 72 
Newhall Eng. Co., Geo. M. 71 


73 
Reliance Gauge Column Co...163 
102 
Schutte & "Koerting Ca. 82 
69 
Watson & McDaniel Co...... 92 
Wright Nite. 72 
Traps, Vacuum 
Griscom-Spencer Co. ......... 68 
Lytton Mfg. Corporation..... 73 

Nashua Machine Co......... 3 


7 
Open Coil Heater & Purifier Co. 73 


Tube Cap Reseating Ma- 
chines 


Lagonda Mfg. Co....... 8d cover 
Tube Cleaners 

Chesterton Co... A. W....... 76 
Dallett & Co., Thos. H.. 103 
7 
Garlock Packing Co......... 9 
Johns-Manville Co.. H. W.... 59 
Lagonda 3d ‘cover 
7 
Pierce Co., Wm. B...... 2d cover 
Robertson & Sons, ‘Jas. 
Joan, G. C..... 
Simonds & Co.,. G. 
Vulean Soot Cleaner Co... . 78 
Tube Cutters 

Lagonda Mfg. Co....... 3 
Tubing 

Johns-Manville Co.. H. W.. 5 
National Tube Co...... 


_Alberger Heater Co..... 


Tubing, Metallic 
Pennsylvania Flexible Metallic 
Tubing Co. 


Turbines, Centrifugal 


Terry Steam Turbine Co..... 77 
Turbines, Hydraulic 
Allis-Chalmers Co...........114 
Turbines, Steam 
Allis-Chalmers Co...........114 
De Laval Steam Turbine Co..111 
Hooven, Owens, Rentschler Co.115 
Sturtevant B. F........ 113 
Terry Steam Turbine Co...... 77 
Westinghouse Machine Dinas 118 
Unions 

ert Mite. Co. 87 
Goetze Gasket & Packing Co.. 75 
Jefferson Union Co.......... 62 
Lenkenheimer Co... 4 
SF 
Brass Co. 84 
Valve Balls 

Diamond Rubber Co......... 74 


Valve Disks 

Goetze Gasket & Packing Co.. 75 
Valve Reseating Machines 

Leavitt Machine Co.......... 89 
Valwe Washers, Leather 


Schieren Co., Chas. A....... 90 
Valves, Ammonia 
Chapman Valve 87 
Monarch Valve & Mfg. Co.... 84 
Valves, Angle 
Homestead Valve Mfg. Co.. 87 
Lunkenbeimer Co. 
Monarch Valve & Mfg. Co. 84 
National Dube 87 
New Bedford Valve Mfg. Co.. 86 
Valves, Back Pressure 
Ronee | Steam Specialty Co. 84 
55 
Lytton Mfg. Corporation..... 3 
McGowan Co. John 92 
Schutte & 82 
Valves, Blow-off 
Ashton Valve Co., The....... 83 
Valve Mfg. Co: 
Jenkins 55 
Lunmenmheimer Co. . 4 
Lytton Mfg. Corporation..... 73 
Yarnall-Waring Co. ..... 
Valves, By-Pass 
Monarch Valve & Mfg. Co.... 84 


Valves, Check 
Greene, Tweed & Co., 

, 4th cover 
Lunkenheimer Co 
Monarch Valve & Mfg. 84 
TERS CO. SF 
Nelson 86 
Valves, Cut-Off 
70 
Valves, Cylinder Relief 


American Steam Gauge and 

Valve. 
Ashton Valve Co., The....... 
CO. 
Co., June. B...< 0.000. 


Valves, Exhaust Relief 


Nelson Valve Co......... 


Valves, Float 


84 


Engineers Appliance Co., The 86 
Schade Valve Mfg. Co........ 86 
Valves, Free Exhaust 
Schutte & Koerting Co...... 82 
Valves, Gate 

Chapman Valve Mfg. Co...... 87 
Detroit Lubricator Co..... ne 


Greene, Tweed & Co., 

64, 4th cover 
55 
Tunkenheimer Co............ 4 
Monarch Valve & 84 
National Tube CO... 87 
Nelson Valve Co. 
Ohio Brass Co.... ve 
Pittsburgh Valve, “pais: & 


Construction Co........... 86 


Valves, Globe 


Detroit Lubricator Co....... 
Lunkenhelmer Co. ..ccccccess 


67 


New Bedford Valve Mfg. 
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Valves, Globe—Continued. 
Nelson Valve Co 


Pittsburgh Valve, 

Construction C 
Valves, Pump 
Garlock 
Jenkins B 


wee 


Penmiens Rubber Mfg. Co..... 8 
Quaker City Rubber Co.. ae cover 
Schade Valve Mfg. Co.. 86 


Valves, Reducing 


Lytton Mfg. Corporation... .. 73 
Mason Regulator Co.......... 86 
84 
Schade Valve Mfg. Co....... 82 
Schutte & Koerting ......... 82 
69 
Valves, Regrinding 

Lumkemheimer Co. 4 
Valves, Regulating 

Engineers Appliance Co., The. 8&6 
Hughson Steam Speciality Co. 84 


Lunkenheimer Co............ 4 


Lytton Mfg. Corporation. 73 
Mason Regulator Co.......... 86 
Schade Valve Mfg. Co. 86 
69 
Valves, Return Stop 
Lagonda Mfg. Co.......é 3d cover 
Locke Regulator Co.......... 82 
Valves, Safety 
American Steam Gauge 
Ashton Valve Co............ 83 
“ow Steam Gage & Valve 
87 
Detroit Lubricator Co........ 67 
55 
Lunkenheimer Co.........%.. 4 
ational 87 
Pittsburgh Valve, Fdry. and 
Valves, Stop Check 
Jenkins Bros...... 
Lagonda Mfg. Co.......3d cover 
Perms Co., dno. B......... 84 
Schutte & Koerting Co...... 82 
Valves, Superheated Steam 
Chapman Valve Mtg. 87 
Lunmenheimer 4 
85 
Schutte & Koerting Co....... 82 
Valves, Tank 
Engineers Appliance Co., The 86 
Schade Valve Mfg. Co....... 86 
Valves, Throttle 
Detroit Lubricator Co........ 67 
Valves, Trip Throttle 
Schutte & Koerting Co...... 82 
Ventilators 
Ohio Blow 88 
Schutte & Koerting Co...... &2 
Wane 1... 76 
Vises 
Armstrong Mig. Co........<. 90 
Water Columns 
American Steam Gauge and 
Lunkenheimer 4 
Tape Co... 87 
Reliance Gauge Column Co...103 
Robertson & Sons, 61 


Wright Mfg. Co 
Water Softening Apparatus 


Harrison Safet 53 
Scaife & Sons . Wm. .102 
Weizghers, 
Electric Weighing Co........ 78 
Whistles 
American Steam Gauge ona 

fl 
Ashton Valve Co., The....... 83 
Tunkenheimer Co............ 4 
Wrenches, Nut and Rolt 
Williams & Co., J. H- a 76 


Wrenches, Pipe 


Trimont Mfg. 
Williams & Go. be 
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Read The United States 
Government 
This 


O test the efficiency of the Lagonda Automatic 

Cut-Off Valve the United States Government 

Engineers made some tests. Here are the 
results : 


Numerous 
other tests 


With an outlet for escaping steam 
on the boiler side of the valve, equiv- 


alent to a 1°/«” opening, the valve 
closed promptly. This proves that the 
smallest break in a boiler will cause 
the valve to isolate the boiler. 


To test for a break on the other 
side of the valve, a quick release 
valve was opened in two seconds, 
giving an aperture equivalent to 14” 
in diameter. The steam pressure 
only dropped from 180 to 140 lbs. 
and the valve closed instantly. 


like these with different sized open- 
ings and different steam pressures 
and time consumed in opening the 
valve proved conclusively the relia- 
bility of the Lagonda Automatic 
Cut-Off Valve. 


Other tests were made which 
proved that the valve does not close 
under conditions equivalent to sud- 
den overloads such as are often met 
in electric railway plants. 


A Lagonda Automatic Cut-Off Valve should be placed in every steam 


line between each boiler and the header. Then should a tube blow up 
or a header burst or a cylinder head fly off, the valves shut automatically 


no matter where the break occurs and prevent escaping of steam and 
further damage. 


It protects the fireman and forestalls costly shut 
downs of the plant. Write today, stating the size of the 
mains and the number of boilers; also ask for a copy of 
the above report which is contained in our book the 

“Lagonda Automatic Cut-Off Valve.”’ 


SPRINGFIELD, OHIO 
FUEL SAVING SPECIALISTS 


Makers of Weinland Boiler Tube Cleaners, Automatic Cut-Off Valves, 


Reseating Machines, Boiler Tube Cutters and Water Strainers. Automatic Cut-Off Valve 
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